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ABSTRACT

An estimate >11 million people are infected by Trypanosoma cruzi in Latin America.

Chagas disease control programmes have been successful in the Southern Cone countries,
and similar mmtiatives are underway in the Andean countries. In Ecuador prevalence is
estimated as ~130000 people, with 2.5-3.8 million at risk; annual associated costs may
reach >20 mullion US dollars. We studied ecological, genetic, and evolutionary aspects of
Rhodnius ecuadoriensis, an important disease vector in western Ecuador and northwestern

Peru. Sylvatic and synanthropic populations are sympatric in central Ecuador; only
domestic-peridomestic colonies occur in the temperate Andean valleys of southern Ecuador

and northern Peru. Both morphological-chromatic features and ecological-behavioural
preferences seem to define a cline [sylvatic-large (north) > synanthropic-small (south)].
The ecology of domestic and sylvatic populations was studied using logistic regression.
Phytelephas aequatorialis palms are the primary natural ecotope of R. ecuadoriensis:
sylvatic bugs tend to favour male palms with large amounts of decomposing organic
material and located in cropland/pasture fields. Poor households with mud walls, tiled roofs
and large numbers of chickens were more likely to be infested. Isometry-free morphometric
analysis consistently achieved >90% correct discrimination of sylvatic vs. synanthropic
populations, supporting the use of metric variables in surveillance of reinfestations; size-
free analyses revealed substantial divergence of Peruvian bugs from La Libertad.

Mitochondrial DNA sequence polymorphisms (cytochrome b gene, 663 basepairs) were
analysed; ~4% sequence divergence scored between Ecuadorian and Peruvian populations

suggested they are independent phylogroups. Haplotype diversity and relationships indicate
central coastal Ecuador as the centre of dispersal of this species, with isolated domestic

populations in dry Andean valleys. The phylogeny of this species was explored using
morphometric and molecular approaches. The monophyly of the ‘Pacific Rhodnius lineage’
(pallescens, colombiensis and ecuadoriensis) was confirmed, with the parapatric pallescens
and colombiensis being very closely related: R. pictipes 1s the closest relative to this lineage
among Amazonian species, with the robustus group forming a distinct, major clade.

Control of R. ecuadoriensis can contemplate local eradication in dry Andean valleys
(southern Ecuador and northem Peru); special attention should be paid to pendomestic
populations, including improvement of poultry management (burning-replacing nests every
15-30 days). Long-term interruption of disease transmission would benefit from educational
Interventions increasing awareness about Chagas disease and from housing improvements
targeting mud walls and timber-and-tile roofs. In central-northem western Ecuador
peridomestic palm trees may be the origin of reinfestations: environmental management
(removing dead fronds and fibres from peridomestic palms), and continuous community-
based surveillance are recommended. A comprehensive control programme over 15 years

would probably result in interruption of disease transmission, and could bring savings of
about 20 US$ per each dollar invested.
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1. INTRODUCTION
1.1. Chagas disease

Chagas disease (American trypanosomiasis) was discovered in 1907 by the Brazilian
physician Carlos Chagas (Chagas 1909, Prata 1999). A century later it is recognised as a
major public health problem in virtually all Latin American countries (figure 1). In the
early 90s, the World Health Organisation (WHO) estimated 18 million people were
infected by Trypanosoma cruzi, the causative agent of the disease, with ~90 million
people living under transmission risk conditions in the region. Mortality related to the
disease reached 45000-50000 people each year, and the World Bank ranked Chagas
disease as the most important parasitic disease in Latin America in terms of its impact
on national economies and public health systems (producing a burden more than four
times greater than all the rest of parasitic diseases plus leprosy considered together)
(WHO 1991, 1997, World Bank 1993, Schofield & Dias 1996, Miles 1998, Dias &
Schofield 1999, Moncayo 1999). However, co-ordinated control interventions

throughout the Southern Cone countries have resulted in the elimination of disease
transmission by 7riatoma infestans, the most widespread domestic vector, in vast areas
of Brazil, Argentina, Uruguay, Paraguay, Chile, and Bolivia;, incidence among children
and young adults has been reduced by an average of 72% in the area (WHO 1996, 1997,

1998, 2000, WHO/CTD 2002). Recent estimates indicate that about 11-12 mullion
people are currently infected (Schmunis 1999a).
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COUNTRIE
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El Salvador
Nicaragua
Costa Rica
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Argentina

Figure 1. Geographic distribution of endemic Chagas disecase
(dark grey) and a list of endemic countries (from WHO/CTD)



1.1.1. THE PARASITE
Trypanosoma  (Schizotrypanum)  cruzi Chagas, 1909  (Kinetoplastida;
Trypanosomatidae) is a flagellate blood protozoan transmitted mainly by contamination

with the infected faeces of the insect vectors — haematophagous hemipterans belonging to
the family Reduviidae, subfamily Tnatominae (WHO 1991, Miles 1998).

1.1.1.1. Life cycle
The complex life cycle of 7. cruzi involves four basic morphological forms:
t. Epimastigotes: replicative forms in the midgut of triatomine vectors;
1. Metacyclic trypomastigotes: non-dividing forms in the vector hindgut; these are the

infective forms present in insect faeces;

m. Bloodstream trypomastigotes: extracellular, non-replicative forms present in the
penpheral blood of mammalian hosts; and

tv. Amastigotes: intracellular replicative forms inside cells of various mammalian host

tissues (forming the so-called pseudocysts when there are large numbers of parasites).

Bloodstream trypomastigotes constitute a pleomorphic population of ‘broad’ and
‘slender’ parasites; intermediate forms have been identified between and within the basic
stages: sphaeromastigotes (between epi- and amastigote stages), intracellular intermediate
forms (between amastigotes and slender trypomastigotes released from pseudocysts into
the bloodstream), or the mid- and late-log growth phase epimastigotes. The relationships

between these different forms and their biological significance are not clear in all cases

(Souza 1999, Kollien & Schaub 2000, Tyler & Engman 2001).

The cycle of this vector-borne zoonosis usually requires two hosts: an insect capable of
allowing metacyclogenesis, and a mammal — humans or wild or domestic animals. Over
200 species/subspecies of mammals and 100 triatomine species have been found to be
susceptible to infection by 7. cruzi; dogs, opossums, some rodents, and armadillos are the
principal reservoirs in human-related environments. Bats are frequently infected by various
trypanosomes, including Schizotrypanum; edentates and primates are also wild reservoirs
of these parasites (WHO 1991, Tanowitz et al. 1992, Kirchhoff 1993, Sherlock et al. 1997,
Miles 1998). Didelphis marsupialis (the common opossum) is not only a reservoir host but
may also act as a vector of the parasite. Deane et al. (1984) found that 7. cruzi can
complete its life cycle in the lumen of the anal scent glands of these marsupials, from

where metacyclic forms may directly infect other opossums; it has been proposed that this



could represent the ancestral route of transmission of the parasites (Schofield 2000a), but
other authors consider that 7. cruzi may have originated from insect kinetoplastids (Gaunt
& Miles 2000). Birds, although refractory to 7. cruzi, are important as hosts of triatomine
bugs; some species and populations of triatomines exploit bird nest microhabitats, both in
the wild and in peridomestic environments (Carcavallo et al. 1998a,b).
1.1.1.2. Trypanosoma cruzi:_natural populations and diversit

Natural populations of 7. cruzi show significant genetic and phenetic diversity. Vanous
strains differ in their wvirulence, susceptibility to specific treatment, morphology, or
antigenic structure. Techniques used for the characterisation of such diversity include

analysis of multilocus enzyme electrophoresis (MLEE) profiles and other biochemical or
immunological properties; total DNA or kinetoplast DNA minicircle amplification and

hybndisation, nboprinting; randomly amplified polymorphic DNA (RAPD); and
amplification/sequencing of selected genome fragments (see Momen 1999, Murta &
Romanha 1999),

Some authors see a complex multiclonal origin as the most suitable explanation to this
diversity (Tibayrenc et al. 1986, Tibayrenc & Ayala 1988), whilst others suggest that
genetic exchange may contribute to the heterogeneity of sylvatic 7. cruzi populations
(Carrasco et al. 1996, Stothard et al. 1999, Machado & Ayala 2001, Miles et al. 2002). T.
cruzi populations were divided into three main groups on the grounds of MLEE profiles
(zymodemes Z1, Z2 and Z3) (Miles et al. 1977, 1978, 1980, 1981a, Barrett et al. 1980).
Extensive isozymic characterisation led to the subdivision of these strains into a high
number (up to 43) of individual zymodemes (Tibayrenc & Avyala 1988). Later on,
molecular markers allowed for the distinction of two major evolutionary clades, defined as
phylogenetic lineages 1 and 2 (Souto et al. 1996, Nunes et al. 1997, Fernandes et al. 1998,
Oliverra et al. 1998, Stothard et al. 1998a, Zingales et al. 1998, 1999), and led to the

defimition of a coherent subspecific classification of 7. cruzi populations into two major

groups (/. cruzi I and II), with the latter encompassing Z2 and four further subgroups with
consistent correspondences with the classical MLEE taxonomy (Ila=Z3, IIb=Z2,
[Ic=Z3/Z21 ASAT, IId=Bolivian Z2, and Ile=Paraguayan Z2) (Brisse et al. 2000, Miles et
al. 2002). It is therefore recommended that 7. cruzi strains should be grouped into two
major lineages, 7. cruzi I (Z1 or lineage 2) and T. cruzi 11 (Z2 or lineage 1) (anonymous
1999, Miles et al. 2002). Recently, Miles et al. (2002) put forward a comprehensive



proposal regarding parasite-host-vector-habitat associations (see also Gaunt & Miles

2000). It opens the possibility of establishing the epidemiological significance of the
genetic diversity of 7. cruzi, linking genotypes with different degrees of virulence, clinical
outcomes, response to treatment, or biological behaviour of parasite strains within various
hosts (Miles 1981a, Montamat et al. 1996). According to this proposal, 7. cruzi I (which
predominates in enzootic cycles in the Amazon basin and in domestic transmission cycles
north of the Amazon) would be pnmarnly associated with marsupial hosts (Didelphis spp.)
and Rhodnius vectors, the association perhaps evolved (involving also 7. (Herpetosoma)
rangeli;, cf. Stevens et al. 1999) in the abundant palm tree habitats of the Amazon basin,

and may be as old as 90 million years (Miles et al. 2002, Gaunt & Miles 2002). 7. cruzi 1l
1s the principal agent of human Chagas disease throughout the most heavily endemic areas
of southern South America, where 7. infestans acts as the main vector; Miles et al. (2002)
proposed that this parasite lineage evolved with edentates (armadillos) in terrestrial
ecotopes, shared also by rodents and several Triatomini. The parasites would have reached
rodents secondarily, and possibly spread to human habitats when 7. infestans (associated in

the wild with rodents in rocky habitats) became domestic (Miles et al. 2002).
1.1.2. TRANSMISSION

Chagas disease can be considered as the result of complex ecological interactions
between parasites, insect vectors, animal reservoir hosts, and human populations living
under risk conditions. Human disease transmission seems favoured by various factors,

both biological and social (Bricefio-Le6n 1990, WHO 1991, Miles 1998, Salvatella et
al. 1998, Moreno & Carcavallo 1999).

1.1.2.1. Vector-borne transmission

Humans are considered as accidental hosts of 7. cruzi. When an infected bug feeds on a
person, metacyclic trypomastigotes may be deposited on the host body surface via vector
excreta and reach the bloodstream through skin breaks or abrasions or through the

mucosae — mainly the conjunctiva. This route of transmission accounts for about 80% of

new human Chagas disease cases (WHO 1991, Tanowitz et al. 1992, Kirchhoff 1993,
Schofield 1994, Miles 1998).

Over 100 species of Triatominae (out of the over 130 now recognised; see Section 1.2.)
have been reported as naturally or experimentally infected by T. cruzi. Of these, only about

12 (those widely adapted to human environments) maintain domestic transmission cycles



and are considered of epidemiological importance; they all belong to the genera 1riatoma
[T. infestans, T. dimidiata, T. brasiliensis, T. maculata, 1. sordida, 1. barberi}, Rhodnius
[R. prolixus, R. pallescens, R. ecuadoriensis), and Panstrongylus [P. megistus, P. herreri,
P. rufotuberculatus] (Carcavallo et al. 1997a, 1998a, 1999a, Sherlock et al. 1997, ECLAT
2002). In addition to their ability to colonise houses, other factors are involved in vectonal
efficiency: feeding habits (anthropophyly, time lapse between feeding and defaecation,
amount of blood ingested); infectivity and metacyclogenesis (amount of parasites in vector
excreta and life cycle stage in which those parasites are excreted); longevity of insects; the
relative distnbution of populations of parasites, vectors, and mammal reservoir hosts;
susceptibility of the latter to the infection, and levels and duration of parasitaemia (Lent &

Wygodzinsky 1979, Giirtler et al. 1988, WHO 1991, Schofield 1994, Carcavallo et al.
1998b, Salvatella et al. 1998, Silveira 1999, Cohen & Giirtler 2001).

Enzootic transmission cycles occur in a great variety of ecotopes, where the parasite

circulates among sylvatic triatomines and their mammalian hosts, only rarely become
humans involved in these cycles, either when forest workers are attacked by triatomines (in
the Braziian Amazon R brethesi may attack fibre gatherers working on Leopoldinia
piassaba palms) or when adult bugs invade human habitats — a process perhaps favoured
by artificial light sources. This latter mechanism is thought to be involved in most of
disease transmission in the Amazon basin; adult bugs may transmit the infection either
directly by feeding on the sleeping inhabitants or indirectly by contamination of presses
used to prepare fruit juice (Lent & Wygodzinsky 1979, Coura et al. 1999, 2002, Moreno
& Carcavallo 1999, Silveira 1999, Teixeira et al. 2001). Some bug species show a
tendency, but only a limited capacity, to establish breeding colonies in human habitats;
these are sometimes referred to as candidate domestic vectors (see Section 1.2.). In areas
where the same vector species transmit 7. cruzi in both enzootic and domestic

environments, transmission cycles are said to be continuous or overlapping.

In some areas, the prevailing vector species in the domestic and sylvatic cycles are
different; thus is typically the case when synanthropic bugs spread out of their natural range
associated with migrant people, and results in separate transmission cycles. Determining
whether sylvatic and domestic cycles are overlapping or separate in a given geographical
area has a profound bearing in the design of adequate strategies for disease control and

surveillance, in the former case, the possibility of reinfestation of insecticide-treated



dwellings from sylvatic foci requires long-term entomological vigilance schemes, whereas

in the latter eradication of synanthropic bug populations may be achieved through vertical

spraying campaigns (Dujardin et al. 1991, Schofield 1994, Diotaiuti et al. 1995, Noireau et
al. 1995, Dias & Diotaiuti 1998, Miles et al. 2002).

Several factors involved in household colonisation by triatomine bugs of wvarious
species have been identified; they often relate to low socio-economic status and poverty

(Minter 1978, Mott et al. 1978, Lent & Wygodzinsky 1979, Zeledon & Vargas 1984,
Briceiio-Leon 1990, Barrett 1991, WHO 1991, Girtler et al. 1992, Starr et al. 1992,
Andrade et al. 1995a, Salvatella et al. 1998, Moreno & Carcavallo 1999, Oliveira-Lima et
al. 2000, Cohen & Gitirtler 2001; see also Chapter 5.):

1. Substandard housing: building materials, physical conditions of the dwellings, and
management of the domestic environment. Mud walls (adobe, timber-and-clay, etc. —
mainly if non-plastered), thatched or palm leaf roofs, earthen floors, storage of
firewood and crops, or lack of proper domestic hygiene may favour infestation;

. In the peridomestic area, bugs may colonise chicken coops, dovecotes, corrals,

pigsties, storerooms (for crops or firewood, where rodents frequently thrive), and even

surrounding vegetation (e.g., bromeliads, hollow trees, or palm trees);

m. The presence of domestic or synanthropic-opportunistic animals, involved in the

parasite cycle (mammal reservoirs) and/or in the ecology of the vectors (mainly as
blood sources), may also promote infestation;

iv. Environmental changes produced by man seem to play a role as well; sylvatic
triatomines may invade human environments as a response to habitat destruction and

reduction of natural host populations often associated with colonisation of forest areas
where enzootic cycles occur;

v. Fally, the lack of knowledge about the disease and its modes of transmission
among the population at risk can lead to tolerance towards infestation: this is often

associated with the higher priority given by deprived householders to other, more

immediate problems - including subsistence or acute diseases.



1.1.2.2. Blood transfusion

The second main transmission route is blood transfusion from infected donors (~16% of
new Chagas disease cases). This is of greater importance in urban areas where tnatomine
vectors are absent (or only occasionally present) but to where many people migrate from
endemic rural areas, being potential carriers of 7. cruzi. Blood bank donation control
through serological screening is therefore a necessary complement of any vector control

programme (Dias & Brener 1984, Torres de Quinteros et al. 1990, WHO 1991, Moraes-
Souza et al. 1994, Miles 1998, Moraes-Souza 1999, Schmunis 1999b).

1.1.2.3. Other routes of transmission
Other routes of 7. cruzi transmission include (i) congenital transmission, most likely to

occur 1n the last weeks of pregnancy or during delivery (about 2% of disease cases); (i)

organ transplant from infected donors (immunosuppressive therapy may result i severe
acute disease forms); (iii) oral transmission, suspected in family outbreaks of acute disease
reported from Brazil (likely related to the ingestion of infected fruit juices) and perhaps a
nsk for some hunting indigenous peoples of the Amazon (via ingestion of barely cooked
game meat);, oral transmission is probably also important among some 7. cruzi reservoirs
that may eat infected insects (triatomines or, in some cases, cimicid bugs); (iv) laboratory
accidents; or, (v) in exceptional cases, perhaps breast feeding and sexual transmission
(WHO 1991, Schofield 1994, Aguilar & Yépez 1996, Miles 1998, Sherlock 1999, Valente
et al. 1999, Coura et al. 2002). As mentioned above, transmission from D. marsupialis can
take place without the intervention of insect vectors through direct contamination by
infected anal gland secretions. A recent paper points out the possibility that other
arthropods, in this case sucking lice (Anoplura: Pediculidae) may also transmit the parasite
among primates in some unusual circumstances (Argaiiaraz et al. 2001).

1.1.3. CLINICAL MANIFESTATIONS

A sigmficant percentage of Chagas disease cases is asymptomatic and can only be
detected by serological tests. Many others present only mild and nonspecific symptoms.
Consequently, the proportion of cases that is diagnosed correctly (and in time to treat
satisfactorily) in many areas of rural Latin America is probably very small. However,

some general patterns may be outlined for each one of the phases and forms of the

disease (for further information and details see Dias 1989, Espinosa et al. 1991, WHO
1991, Kirchhoff 1993, Miles 1998, Chapadeiro 1999, Corréa-Oliveira et al. 1999, Dias



& Schofield 1999, Lopes 1999, Macédo 1999, Manzullo & Chuit 1999, [anni et al.
2001, Umezawa et al. 2001).

1.1.3.1. Incubation: from 7-10 days (vectorial transmission) to 7-40 days
(transfusional transmission). Laboratory accidents may produce high initial
parasitaemias and a reduced incubation period.

1.1.3.2. Acute phase: a proportion of these patients remain asymptomatic, but
some symptoms and signs are usually present. It is more frequent in the first 20 years of
life, with a higher incidence of severe cases in children under 5. Warning symptoms and
signs include: (i) Romafia’s sign: painless, unilateral, periophtalmic/palpebral oedema
with satellite lymphadenopathy (produced by penetration of parasites through the
conjunctiva). This lesion is the only pathognomonic sign of acute Chagas disease, but it
is not frequent; it persists for 15-20 days. (ii) The cutaneous chagoma (an inflamed skin
lesion at the site of parasite entry, with satellite lymphadenopathy): 20-25% of
diagnosed acute cases; lasts 15-20 days. (iii) Fever (90-100% of cases): prolonged,
irregular, does not respond to conventional treatment. (iv) Oedema (50-60% of cases):
usually mild, extending from face to thorax; sometimes generalised (mainly in
children). (v) Hepatosplenomegaly (30-50% of cases): usually mild; high frequency in
congenital disease; splenomegaly (and lymphadenopathy) most frequent in transfusion-
related transmission. (vi) Occasionally, generalised lymphadenopathy, rash, vomiting,
diarrhoea, and anorexia. Other syndromes may also be diagnosed: acute diffuse
myocarditis is frequently present but subclinical (rarely severe, but more dangerous for
children under 5; ECG: sinus tachycardia, increased P-R interval, T-wave changes and
low QRS voltage); acute meningoencephalitis is infrequent (except in immunodeficient
patients and in congenital disease) and very serious, carrying a very poor prognosis.

Acute patients usually recover in 30-60 days, evolving towards the chronic

indeterminate form (90% of cases). Less frequently (3%) they develop active

myocarditis. Lethality reaches 2-7% (10-15% in some regions), mainly in children
under 5 and immunodeficient patients.

1.1.3.3. Indeterminate chronic form: persistently positive serological tests in
the absence of signs and symptoms (normal ECG and thorax/digestive X-Ray). About

50-60% of these cases remain stable, ~40% evolve symptomatic chronic forms (heart or

digestive), and an undefined percentage of patients die suddenly.



1.1.3.4. Chronic chagasic cardiopathy is most frequent in male patients
between 30-50 vyears. Chronic cardiac forms are characterised by the association of
three syndromes (in different degrees): (i) Arrhythmic syndrome (most frequent):
palpitations, bradycardia, syncope, Stokes-Adams (caused by a decreased brain blood
flow); (i) Chronic cardiac insufficiency syndrome (CCI): generally slow and
progressive; causes mainly chest pain, dyspnoea, oedema of legs and hepatomegaly, and
(iii) Thrombo-embolic syndrome is frequent (cardiac wall thrombi with embolism);
cerebro-vascular accidents are common, and pulmonary and/or lower limb embolism
also occur. Complementary tests reveal the following patterns: (a) Conventional ECG:
ventricular tachycardia (frequently with ventricular extrasystoles [VE], which increases
the nisk of sudden death), right bundle branch block (RBBB, with T QRS), atrium-
ventricular block (AVB, with T P-R interval and bradycardia), and alterations of re-
polansation (RT, with primary T wave changes). (b) Holter ECG: detection of transient,
asymptomatic arrhythmias (especially ventricular extrasystoles, associated with an
increased risk of sudden death). (c) Conventional X-Ray: increased cardiac volume. (d)
Ecosonography: postero-inferior ventricular walls hypo- or akinetic, apical aneurysm,
general ventricular enlargement with global reduced motility (this is common in other
forms of myocardiopathy, and can cause alterations in cardiac valve function).

The following clinical classification of chronic chagasic cardiopathy was developed
by WHO based on conventional clinical information and diagnostic test results.

Table 1. Chronic chagasic cardiopathy: WHO classification of clinical stages

STAGE Serology Clinical traits X-Ray ECG RSD
I + — ~ _ -~
I + - ~ Mild alterations (RBBB, VE, RT)  +
(enlargement possible) >
. Intermediate alterations (RBBB, AV
+ + >
m Cardiomegaly + hemiblock, hypokinetic areas) ¥
v + ++CCT Cardiomegaly ++ Severe alterations (severe arthythmias, +

large 1nactive areas, aneurysms)
CCl, RBBB, VE, RT, AV: see text; RSD: Risk of Sudden Death

The evolution of chronic chagasic heart patients can involve sudden death (usually
by paroxystic tachycardia and ventricular fibrillation; in some cases related to mass
pulmonary or brain embolisms); chronic cardiac insufficiency with asystolia; risk of

death 1s associated with VE (higher nisk), RBBB, RT and AVB (lower risk).



1.1.3.5. Digestive forms: megaoesophagus and megacolon are the principal

digestive forms of chronic Chagas disease; rarely, other hollow organs can also be
affected (digestive or urninary apparatus).
1. Megaoesophagus: most frequent in central and southeastern Brazil, mainly among
males 20 to 40 years old; it 1s associated with cardiopathy in ~50% of cases. Clinical

manifestations include: (a) Progressive dysphagia (100% of cases): patients need to

drink in order to swallow solid food; (b) Regurgitation and risk of aspiration of
oesophageal contents; and (c) Hypertrophy of parotid salivary glands (‘feline face’).
X-Ray examination with barium solution shows an increased oesophageal diameter,
retention of contents (>1min), spasms, and a hypertonic distal third; assessment by
dynamic X-Ray can be used in patient follow-up (revealing changes in the time
required for oesophageal evacuation). These patients may develop malnutrition,

potassium depletion, aspiration and lung disease, cancer, and oesophageal rupture.

Table 2. Chagasic oesophagopathy: WHO classification of clinical stages

STAGE Serology Clinical traits X-Ray
I + Occasional dysphagia (solid food) Normal or 7 time of emptying
I + Constant dysphagia, pain, T diameter, retention, hypertonic
orthostatic regurgitation inferior third (spasms)
m + Mild-modera‘ge d_ysphagia, ™ diameter, retention, hypotonic
regurgitation (spasms disappear)
IV + Dysphif ;In;ltgt;);nabsent, T11 diameter, retention ++, atonic

e e

1. Megacolon typically occurs in areas where megaoesophagus is also present; no
gender differences have been reported, and it is most frequent in adults between 40
and 50 years. It produces progressive constipation (from days to weeks and even
months) and accumulation of intestinal gas (frequent and early, causes abdominal
distension), and may result in the formation of a faecaloma. X-Ray reveals the
presence of gas; the use of radiological contrasts may increase the risk of perforation.
The clinical evolution may include extremely severe conditions, including torsion,
obstruction, toxic megacolon, perforation, and peritonitis.
The strong and persistent immune response to 7. cruzi infection is considered to play
an mportant role in the pathogenesis of both acute and chronic Chagas disease.

However, the complex mechanisms involved are still poorly understood (Andrade 1999,
Corréa-Oliveira et al. 1999, Ledn & Engman 2001).
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1.1.4. DIAGNOSIS AND THERAPY
In the acute phase, direct identification of bloodstream trypomastigotes by optic

microscopy is possible. The performance of this method can be improved by using

appropriate concentration techniques (e.g., capillary tube centrifugation). Morphological

characterisation by staining of blood samples (Giemsa) is especially recommended in areas

where 7. cruzi and T. rangeli are sympatric.

Xenodiagnosis is performed by allowing laboratory-reared insects to feed on suspect
patients; after four weeks, insect faeces are examined in search of epimastigotes and
metacyclic trypomastigotes. Only 20% to 50% of chronic patients have a positive

xenodiagnosis; false-positives due to T. rangeli or Blastocrithidia triatomae may occur.

Culture of blood samples on LIT (Liver Infusion-Tryptose) or BHI (Brain-Heart

Infusion) media and inoculation of laboratory animals (irradiated mice) are also of

limited utility in chronic patients. The use of PCR-based techniques for Chagas disease

diagnosis and parasite detection/characterisation in patients, vectors and reservoirs has
also been described (e.g. Avila et al. 1991, Breniére et al. 1992, 1995, Guevara et al
1996, 1997, Chian 1999, Herwaldt et al. 2000, Britto et al. 2001).

Serological assays are widely used to detect anti-7. cruzi antibodies in endemic areas;
they are the comerstone of prevalence studies and therefore of crucial importance in
control programmes. Techniques used are complement fixation reaction, indirect immuno-
fluorescence, indirect and direct haemmaglutination or ELISA (Camargo 1999, Luquetti
1999, Umezawa & Silveira 1999). It is recommended that at least two different tests be

performed in order to confirm the results (WHO 1991). Cross-reactions with antibodies
against Leishmania and T. rangeli antigens may occur.

Specific treatment is only available for the acute phase of the disease. Nifurtimox (a

nitrofuran) and Benznidazole (a nitroimidazole) are effective against bloodstream stages of
the parasite. Some benefits may be expected in patients with indeterminate disease, but the
indication has not yet been accurately established. Moreover, both drugs are toxic and
cause severe side-effects. Other compounds are being tested against 7. cruzi: Allopurinol
falled to prove effective in a multicentric trial, and antifungal molecules as Ketoconazole

or Itraconazole are showing moderate activity (Urbina 1999). Other triazole derivates, non-
metabolisable pyrophosphate analogues, antiviral drugs, and others are also being tested in
laboratory trials, but pharmaceutical corporations seem to show little interest in the
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development of new treatments (Coura & de Castro 2002). The growing recognition that
parasite persistence in the tissues of infected patients may play a central role in the
pathogenesis of chronic Chagas disease (as opposed to the view that autoimmunity 1s the

primary cause of chronic lesions) (Tarleton & Zang 1999, Tarleton 2001) has fostered

debate about the indication of specific chemotherapy in chronic (indeterminate or

symptomatic) patients (Urbina 1999). It is currently recommended that all seropositives
under 12 years of age (and in general all those with less than 10 years of infection) should

receive spectfic treatment. Although results from clinical trials are controversial, patients in
the late chronic phase (over 10 years since infection) could also benefit from specific
chemotherapy, mainly if they are in the indeterminate form or their lesions are not severe
(Coura & de Castro 2002).

Benznidazole (RO-7-1051, 100mg pills) is the recommended specific treatment, and
should be delivered as follows. Adults (except pregnant women): 5-7 mg/kg/day, 60
days. Children under 12 (both acute or just seropositive, including congenital
transmission):. 5-10 mg/kg/day, 60 days. Suspected accidental laboratory infection or
infected blood transfusion: 7-10 mg/kg/day, 10 days.

Side effects are dose-dependent and include: malaise, dermatitis, anorexia and

weight loss, abdominal pain, headache, loss of concentration, and peripheral

polyneuropathies at the end of the treatment. Some cases of agranulocytosis and/or

anaemia have been recorded, requiring interruption of treatment. Tolerance decreases
with age, and side effects are less frequent in children.

Cardiopathy and digestive disease are treated symptomatically. Heart disease:
general measures (repose, low-sodium diet), anti-arrhythmic drugs (amiodarone), anti-
coagulants when there is embolism, and cardiac insufficiency treatment (except in stage

IV, when there is no response) including cardiotonics, diuretics, vasodilators, etc. When
there are complete RBBB or VE, a pacemaker must be implanted.

Treatment of oesophagopathy includes isosorbitol dinitrate, pneumatic dilation of the
inferior oesophageal sphincter, and surgery in severe cases.

Megacolon 1s treated by reducing constipation (diet, mild laxatives, manual

extraction of faecaloma), and several surgical techniques (see Meneghelli 1999, Silva
1999).
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1.2. Triatominae (Hemiptera: Reduviidae

1.2.1. BIOLOGY, SYSTEMATICS AND EVOLUTION

1.2.1.1. Biosystematics

haematophagous reduviids. They belong to the order Hemiptera, suborder Heteroptera
(true bugs), and share some fundamental characteristics; one of them (haematophagy) 1s
used for the definition of the subfamily (in contrast with virtually all the rest of the
Reduviidae, which are predatory bugs). The Triatominae are classified into five tnbes,
among which the most important (epidemiologically and in terms of number of species)
are the Triatomini Jeannel, 1919 and the Rhodniini Pinto, 1926. All the Iriatoma
Laporte, 1832, Panstrongylus Berg, 1879, and Rhodnius Stal, 1859 species (i.e., all the
epidemiologically significant triatomines) belong to these two tribes. Others (the
Cavernicolini Usinger, 1944, Bolboderini Usinger, 1944, and Alberproseniini Martinez
and Carcavallo, 1977) have never been incriminated in disease transmission (Lent &
Wygodzinsky 1979, Schofield 1988, 1994, 1996, 2000b, Barrett 1991, Schofield &
Dolling 1993, Salvatella et al. 1998, Carcavallo et al. 1999b, 2000, Silveira 1999).

Seventeen genera and over 130 species of Triatominae have hitherto been recognised,
although the validity of some species needs confirmation. Examples of taxonomic

debate range from distinction of taxa within species complexes to the definition of
genera and even tribes. The recent elevation of Linshcosteus to tribal status (the
Linshcosteini), claims regarding the validity of Meccus Stil, 1859 (comprising species
assigned to the 7. phyllosoma complex), the controversial specific status of genetically
distinct R. robustus-like populations in the Amazon-Orinoco basins, or the revalidation
of R. amazonicus (previously synonymised with R. pictipes) are a few among those
examples (Carcavallo et al. 2000, Monteiro et al. 2001, Bérenger & Pluot-Sigwalt
2002). More generally, the wealth of information on the biology of these blood-sucking

bugs (with early allusions in documents dated in 1590) has not resulted in a reliable

cladistic system that could help clarify the systematics of the subfamily or their
historical biogeography (Lent & Wygodzinsky 1979). As discussed below, even the
single/multiple evolutionary origins of the haematophagous habit, and therefore the

mono- or polyphyletic character of the subfamily, are still unresolved.
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Table 3. The Triatominae; tribes, genera and approximate number of specics

Tribe Genus Number of species
Alberproseniini Alberprosenia 2
Bolboderini Belminus

Bolbodera
Parabelminus

Microtriatoma
Cavernicolim Cavernicola

4

1

2

2

2

Torrealbaia 1

Linshcosteim Linshcosteus 6
Triatomini Dipetalogaster 1
Eratyrus 2

1

]

3

1

7

Hermanlentia
b

c

Meccus
Mepraia

Panstrongylus 1
Paratriatoma

Triatoma
Rhodniim Psammolestes 3

Rhodnius 16

a-Generally considered as belonging in the Triatomini; b-Some authors query its validity;
c-The ~7 species of Meccus were here included in Triatoma;, d-Panstrongylus turpiali,

synonymised with P. chinai by Lent (1997), is not included, although biogeographical
considerations suggest 1t could be a valid taxon, e-Including Meccus spp.

d
e

The definition of the subfamily (plainly put as “Hematophagous Reduviidae” by Lent
and Wygodzinsky [1979]; p. 175) emphasises a single trait as the most significant in the
biology of the Triatominae, i.e. their obligate blood-feeding habit. It is not surprising

therefore that modifications of their mouthparts and several other physiological
adaptations to haematophagy are used as key taxonomic characters to distinguish them

from other hemipterans (of which over 82000 species are known). The proboscis of the
Triatominae has three segments, is straight and adpressed to the gula when in rest, and
its distal extremity usually reaches the prosternum, where the stridulatory sulcus is
located (Linshcosteus and Cavernicola are exceptions in that they lack stridulatory
sulcus, present in most reduviids). Phytophagous bugs typically have a long and thin,
four-segment proboscis, whereas the rostrum of predaceous Reduviidae is robust,
heawvily sclerotised, generally curved, and divided into three segments. In Triatominae, a
membranous articulation allows the distal article of the rostrum to flex upwards when

the insect is feeding (Lent & Wygodzinsky 1979, Schofield 1994, Carcavallo et al.
1999b, 2000).
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Haematophagous bug (Triatominae)

— "/ ®) Straight and relatively narrow rostrum (grey-
‘\ i o coloured in the figure), divided into three
‘ ” / segments. A membrane (arrow) allows the distal
M rostral segment to flex upwards while feeding
:"’='-""—:\... — (Sma" ﬁgUFE)
v ]
N Predatory bug (Reduviinae)
= | Curved and stout rostrum (grey in the

figure), divided into three segments

Phytophagous bug (Coreidae)
Straight, narrow, and very long rostrum,

divided into four segments

Figure 2. Mouthparts of hacmatophagous, predatory, and phytophagous hemipterans

Further characters used to separate the Triatominae from other reduviids are the
lateral insertion of antennae, the absence of a well-developed interocular sulcus, and the
absence of dorsal abdominal scent glands. However, the overall anatomical features of

triatomines are notoriously similar to those of other reduviids (Lent & Wygodzinsky
1979, Schofield 2000a,b).

of the Triatominae, including of course their medical importance. Many species have
adapted to live in particular microhabitats (both terrestrial and arboreal) where the
availability of food (in terms of quantity and temporal stability) and protection from
climate extremes seem to be the main favouring factors. The most important of these
habitats include palm trees (the primary ecotope of virtually all Rhodnius species),
hollow trees (a favoured ecotope for many Triatomini), rocky outcrops and stone piles
(where several species of Triatoma may be found), bird nests and similar structures used
by some arboreal mammals, bat caves, mammal subterranean burrows (e.g. armadillos),

dead trees and the spaces under loose bark, and both epiphytic and terrestrial

bromeliads. Human dwellings and peridomestic structures can also be colonised by

several triatomine species; in such cases people, domestic animals, and opportunistic
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mammals such as rodents and opossums provide the bugs with an abundant and very
stable food source (Lent & Wygodzinsky 1979, Barrett 1991, Schofield 1994, 1996,
Carcavallo et al 1998a b, Salvatella et al. 1998, Gaunt & Miles 2000).

The vast majority of triatomine species are Neotropical, but several groups extend far
beyond the tropics in the Americas, from the United States (roughly 40°N, T. protracta)
to southern Argentina (about 46°S, T. infestans). Some Triatoma species occur in Asia,
and are thought to have derived from the tropicopolitan 1. rubrofasciata, a species
associated with rodents that apparently dispersed to tropical harbours around the world

as it adapted to live in rat-infested ships. The genus Linshcosteus is of uncertain origin

and can only be found in India, apparently associated with reptiles and wild canids.

Excluding T. rubrofasciata, the Triatominae are absent from both the Palaearctic and

the Ethiopian regions (Lent & Wygodzinsky 1979, Carcavallo et al. 1997a, 1999c,
Patterson et al. 2001, Galvao et al. 2002).

proceed from one stage to the next the bugs require at least one bloodmeal. Females
usually lay several hundred eggs during their lifespan; numbers vary among species and
depend on environmental factors such as food availability or climatic conditions. Egg
laying begins about 15-30 days after copulation and may last for several months.
Species that occupy terrestrial ecotopes generally lay loose eggs, whereas arboreal
triatomines tend to fasten their eggs to the substrate; Psammolestes arthuri females are
unique in that their eggs are laid in masses (Lent & Wygodzinsky 1979, Barrett 1991).

Embryonic development lasts between 10 and 30 days in most species, varying

widely with temperature. First instar nymphs usually take their first bloodmeal 2-3 days

after hatching. The complete life cycle of many species is typically of about one year,
but it may be significantly faster under favourable environmental conditions. For
instance, egg-to-adult development time in domestic populations of 7. infestans varies
from 6 months in constantly warm areas of central Brazil to 12 months in Argentina,

where development and oviposition rates were significantly reduced during the cold
winters (Schofield 1980, Gorla & Schofield 1989, Barrett 1991, Carcavallo 1999).

stable habitats by developing finely balanced relationships with their hosts in the

context of strong intersibling competition. Intrinsic population growth rates (Ry) are
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typically very low, and tend to 1 when the population is at equilibrium. Several
environmental factors may regulate the density of populations, but the availability of
food seems to be the most relevant (Schofield 1980, 1994, 1997, Gorla & Schofield
1989, Schofield et al. 1999). In general, Ro is >1 (i.e., the population is growing) when a
particular habitat is occupied by a number of bugs below the carrying capacity of that
habitat (in recently established colonies, when additional blood sources become

available, or after heavy mortality — e.g. related to control interventions). Schofield et al.

(1986a) found that defensive host responses increase with the number of bugs
attempting to feed on that host, limiting the duration of bloodmeals. Therefore, the
nutritional status of each individual bug deteriorates in denser colonies. Consequences
include a longer development period (with reduced rate of recruitment of adults and
increased probabilities of predation before reaching the reproductive stage), a decreased
production of eggs per female, an increased mortality rate per stage, and an increased
probability of adult bugs starting dispersive flights (Barrett 1991, Schofield 1997,
Schofield et al. 1999). Thus, population growth rate declines (Ro=1 in stable

populations, and Re<l when worse conditions place the population on its way to

extinction) and density decreases to restore the balance between bug numbers and

available food. Population dynamics provide an indication of the potential of different

species to build up large colonies under certain environmental conditions, and about the

capacity of population recovery after insecticide spraying.

Other relevant aspects involved in 7. cruzi transmission, such as the time lapse
between feeding and defaecation, may also be related to the density of bugs in a given
environment (Kirk & Schofield 1987). The number of bloodmeals (and the amount of
blood) required to complete development, the feeding time (from host skin piercing to
repletion), the aggressivity of the bugs (time lapse between presentation of host and
beginning of bloodmeal), etc., are also of interest and may vary with population density.

-Dispersal. Dispersive flight is one of the means by which density is regulated 1n
natural populations. In some cases, it will lead to the invasion and possibly to the
colonisation of human environments, many species enter human dwellings by flying

from their natural habitats, and this appears to be a major route of disease transmission
in the Amazon (Schofield & Matthews 1985, Naiff et al. 1998, Sherlock 1999, Coura et

al. 1999, 2002). Triatomines are however relatively poor flyers, although this may vary
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widely among species. Initiation of dispersive flights seems related to a poor nutritional
status of the bugs; distance covered is usually in the range of 100 to 200m, but may be

larger in many cases (Lehane & Schofield 1981, Schofield & Matthews 1985, Barrett
1991, Schofield et al. 1991a,b, Lehane et al. 1992, Noireau & Dujardin 2001). Passive

dispersal with the host is important in some triatomines. Eggs and small nymphs of
omithophilic species (e.g. T. sordida, Rhodnius, Psammolestes) have been detected in

the plumage of several birds, and synanthropic populations of 7. infestans, R. prolixus,

T. rubrofasciata, or T. dimidiata have followed their migrating human hosts over

enormous distances (and by almost every possible transport means) to colonise

territories far beyond their natural ranges (Barrett 1991, Schofield 1994).
1.2.1.2. Evolution

Whether haematophagy is a true autapomorphic character defining a natural clade

(the Tniatominae) or whether it arose more than once during the evolution of the
reduviids remains a matter of controversy. In the most authoritative monograph on the
systematics of the subfamily, the authors argue in favour of monophyly, affirming that

“the obwviously apomorphic traits of the triatomines, viz., the obligatory
hematophagous condition and the upwardly flexible third rostral segment (...) are to

our knowledge not found in any other reduviid. These characters are autapomorphic
and thus of no value for determining relationships with other groups of Reduviidae,

but they do establish the Triatominae as a monophyletic group” (Lent &
Wygodzinsky [1979]; p. 177).

A competing view proposes that the subfamily is an artificial assemblage of different
reduviid lineages that evolved haematophagy independently (Schofield 1988, 1994,
1996, 2000a,b). Circumstantial evidence to support this hypothesis comes from different
sources, particularly from studies highlighting the differences between Triatomini and
Rhodniini in terms of biochemical properties of salivary proteins (Pereira et al. 1996a,
Ribeiro et al. 1998, Soares et al. 1998, Pereira 1999) and cuticular hydrocarbons (Juarez
1996, Juarez et al. 1999, 2000), egg exochorium architecture (Barata 1996, 1998),
anatomical features of the male genitalia (Jurberg 1996) and antennal sensilla (Catali &
Schofield 1994, Catala 1996, 1997, 1999), isoenzyme profiles (Dujardin et al. 1999a),

DNA sequence polymorphisms (Stothard et al. 1998b, Lyman et al. 1999, Bargues et al.
2000, Marcilla et al. 2001, Gaunt & Miles 2002) and RAPD banding patterns (Garcia et

al. 1998), and from observations on blood-sucking behaviour (often facultative) and

cleptohaematophagy in other hemipterans, including Lygaeidae (Cleradini), Reduviidae
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(Emesinae, Harpactorinae, Peiratinae, Reduviinae, Apiomerinae), and Anthocoridae

(e.g. Lyctocoris spp.) (Schuh & Slater 1995, Schofield 1996, 2000a, Torres et al. 2000).

Preliminary observations suggesting a possible monophyletic origin of triatomine
salivary anti-thrombin proteins, introduced by Gaunt and Miles (2000) as providing
“compelling evidence that the evolution of haematophagous behaviour evolved from a

single ancestor” (Gaunt & Miles [2000]; p. 564), have not been confirmed; rather, anti-

thrombins of the same family have been discovered in some unrelated predatory

reduviids, showing that the trait is not derived in blood-sucking bugs.

The issue is however likely to remain controversial until suitable outgroups are
identified among the Reduviidae that may split the monophyly of the Triatominae (e.g.,
a sister group to the Rhodniini with respect to the Triatomini) in phylogenetic analyses

ideally combining nuclear and cytoplasmic DNA sequence data; Schofield and Dujardin
(1999) mentioned the suggestion by TV Barrett (cited as a personal communication)

that the Rhodniini could derive from “an ancestral form similar to extant Stenopodinae”.
There seems to be agreement in that haematophagy is a derivation of the predatory
habits of the reduviidd ancestor(s) of triatomines, but there is also debate about the

evolutionary age of such an event (or events) (Gaunt & Miles 2000, Schofield 2000a,

Stevens 2000). Some triatomine species (e.g., Eratyrus mucronatus, T. rubrovaria, T.

rubrofasciata, T. circummaculata, and many Bolboderini) have been reported to feed on

other insects and on spiders, suggesting haematophagy evolved recently. Morphological
and habitat similarities between blood- and insect-feeding reduviids, the occasionally
severe anaphylactic reactions of vertebrates to the bites of some triatomines (as for
many predaceous reduviids), the use of cathepsins to digest bloodmeals, and the fact
that intestinal symbiotic bacteria (required for the synthesis of vitamins that are scarce
in vertebrate blood such as folates) are free in the gut lumen of triatomines (but
enclosed in specialised organs or within intestinal cells in all other obligate blood-
sucking insects), have all also been interpreted as showing imperfect adaptation of
triatomines to blood-feeding, thus supporting the view of a recent evolution of
haematophagy. An intermediate step of facultative haematophagy, perhaps aided by the
nest-dwelling habits of many triatomines (in vertebrate nests and burrows detrivorous

insects abound, attracting predatory bugs that will occasionally bite the vertebrates

“Cimicidae and Polyctenidae, probably offshoots of the Anthocoridae, are obligate blood-suckers
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themselves), would have given rise to an obligate blood-sucking behaviour in most of
the currently extant triatomines. On the other hand, the fine specialisations of several
triatomines to exploit particular ecological niches (including hosts), together with the
fact that marsupials and edentates were present (i.e. available as suitable hosts for

blood-sucking arthropods) in South America at least 65 million years ago, have been

interpreted as suggesting that haematophagy could be an ancient trait in Triatominae
(Lent & Wygodzinsky 1979, Schofield 1988, 1994, 1996, 2000a,b, Carcavallo et al.
1999b, 2000, Schofield & Dujardin 1999, Gaunt & Miles 2000).

1.2.1.3. Synanthropic behaviour and epidemiological risk

In epidemiological terms it is however the current trends in triatomine behaviour that
is genuinely relevant. When a particular triatomine species colonises human
environments, it is likely that a domestic cycle of 7. cruzi transmission will start. Some
species have successfully adapted to human-related habitats; they eventually became
major disease vectors — and the principal objectives of control interventions (Lent &
Wygodzinsky 1979, Schofield 1994, Salvatella et al. 1998, Moreno & Carcavallo 1999,
Silveira 1999). Among these species, the most significant is 7. infestans. Its distribution
includes most of southern South America, but international control activities (the
Southern Cone Initiative) have contributed to the elimination of the species from large

areas where it was artificially introduced by people in the recent past (Moncayo 1999,
Schofield & Dias 1998, WHO/CTD 2002). R. prolixus is the main vector in northern

South America and most of Central America. Other epidemiologically significant
species are I. dimidiata, T. brasiliensis, and P. megistus. These are customarily
considered as the primary vectors of human Chagas disease; they often maintain
separate domestic transmission cycles in areas where sylvatic ecological niches are
exploited by different species. Some species have adapted to human habitats in more
restricted geographic areas, where they have become important disease vectors usually
retaining sylvatic habits (resulting in overlapping transmission cycles); examples of
these secondary vectors include R. ecuadoriensis, T. maculata, T. sordida, R.
pallescens, R. neglectus, R. nasutus, P. rufotuberculatus, P. herreri, T. barberi, and
some species of the 7. phyllosoma complex. Finally, some species are sporadically
reported to be invading-colonising households; they are considered as potentially

dangerous, candidate domestic vectors. The following tables summarise the distribution
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and epidemiologically relevant ecological features of triatomine species found to occur
in human habitats. The records were organised in two main groups: Triatominae
frequently found in human habitats [table 4] and sylvatic triatomine species
occasionally found in human-related habitats [table 5]; several subdivisions were
defined within each of these major groups, ranging from the very strongly synanthropic
primary vectors to those species only occasionally found invading human dwellings.
The main bibliographic reviews on triatomine bug ecology were consulted, and several
original sources (not repeated when present in the reference lists of those reviews) were
also revised (Lent & Wygodzinsky 1979, Carcavallo & Martinez 1985, Barrett 1991,
Carcavallo et al. 1997a, 1998a, 1999¢c, Gongalves et al. 1998, Salvatella et al. 1998.
Angulo et al. 1999, Moreno & Carcavallo 1999, Schofield & Dujardin 1999, Silveira
1999, Jaramillo et al. 2000, Molina et al. 2000, Ramsey et al. 2000, Reyes-Lugo &

Rodriguez-Acosta 2000, Vallejo et al. 2000, Abad-Franch et al. 2001a.b, 2002, ECLAT
2002, Cuba Cuba et al. 2002, Wolff & Castillo 2002).

-
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Figure 3. Principal triatomine vectors of
Chagas disease. From left to right, above:
Panstrongylus megistus. Triatoma infestans
and 7. brasiliensis. Below: Rhodnius
prolixus |for 7. dimidiata sce figurc 18]




Table 4. Distribution and degree of synanthropism of Triatominae frequently found in human habitats

-

Major disease vectors

R. prolixusl Central America-Southern Mexico® ®, Venezuela®, Colombia’, Brazil,
Suriname, Guyana, French Guiana®, Trinidad

T. dimidiata’ Mexico®, Central America’, Colombia®, Ecuador”*, Peru®*

T. infestans’ Bolivia®, Brazil®*, Argentina®®, Uruguay”*, Paraguay”*, Chile®‘, Peru®®

Species frequently colonising human environments

P. megistus® ¢ ™5™ 8™ Brazil’, Argentina®, Uruguay”, Paraguay”, Bolivia®

P. herreri ® Peru’, Ecuador”

R. ecuadoriensis’ Ecuador®, Peru®

R. pallescens’ Panama®, Colombia“, Belize?, Costa Rica?

T. barberi Mexico®

T. brasiliensis’ Brazil°

T. guasayana Argentina®, Bolivia®, Paraguay”

T. maculatd’® Colombia®, Venezuela®, Brazil®, Guyana, French Guiana®, Suriname®,

Aruba®, Bonaire?, Curagao?

T. mazzottii Mexico’

T. pallidipennis Mexico®

T. phyllosoma Mexico®

T. pseudomaculata Brazil*

T. rubrofasciata’ Tropicopolitan — harbours® ™ #ome #reas

T. sordida’ Brazil®, Argentina®, Bolivia®, Paraguay”, Uruguay”
Species showing synanthropic trends in some areas

D. maxima Mexico®

P. rufotuberculatus’ Bolivia®, Ecuador®, Peru’, Brazil®, Argentina’, Venezuela?, Colombia®,

Central America-Southern Mexico?

R. nasutus’ Brazil®

R. neglectus’ Brazil°

R. stali’ Bolivia®, Brazil”
T. carrioni Ecuador®, Peru®
T. gerstaeckeri’ USA, Mexico
T. lecticularia® USA, Mexico

T. lenti Brazl°

T. longipennis Mexico®

T. nitida®sonaly <* Costa Rica, Honduras, Guatemala, Mexico
T. rubida® USA, Mexico

T. vitticeps Brazil°

T = Triatoma, R = Rhodnius, P = Panstrongylus, D = Dipetalogaster, a-Found in human habitats (no further data);
b-Adult specimens invading human habitats;, c-Domestic or peridomestic colonies; d-No specific data; e-Artificially
introduced; * indicates that only peridomestic colonies have been specifically reported; I-Primarily associated with
palm trees; 2-Occasionally reported from palm trees, ®Panstrongylus herreri and P. lignarius may be synonymous
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Table 5. Sylvatic triatomine species occasionally found in human-related habitats in the Americas

Breeding colonies reported from human environments
Mi. trinidadensis” Brazil, Venezuela, Trinidad, Colombia, Peru, Bolivia®

B. peruvianus Peru’

E. cuspidatus’ Colombia®, Ecuador®’, Peru, Venezuela, Guatemala, Panama

E. mucronatus® Bolivia®, wide geographical range East of the Andes (Guatemala to Bolivia-Brazil)
M. gajardoi Chile’

M. spinolai Chilef

P. chinai Ecuador®, Peru®

P. diasi Bolivia®, Brazi]® cccesionally *

P. geniculatus® Brazil®", most Central and South American countries® %=l ¢
P. guentheri® ®®™ <" Arpentina, Bolivia, Paraguay, Uruguay

P. howardi Fcuador? occesionally ¢*

P. lutzi Brazil*

R. colombiensis’ Colombia® ™ymphs found m a few dwellngs

R. domesticus’ Brazil®

R. pictipes’

Amazon basin® ©enly .1 (Colombia, Venezuela, Ecuador, Peru, Brazil, Bolivia,
Suriname, Guyana, French Guiana, Trinidad), Belize”

T. arthurneivai Bragzj]® occesionally e®

T. eratyrusiformis Argentina®’

T. bolivari Mexico™

T. guazu® Paraguay, Brazil

T. hegneri Mexico (islands: Cozumel, Quintana Roo)"
T. melanosoma" Argentina®

T. patagonica Argentinafeauently ¢%, occasionally b

T. picturata Mexico®

T. platensis Argentina®’, Bolivia?, Paraguay?, Uruguay?
T. protracta” °%emlye  [JSA, Mexico

T. rubrovaria® Argentina, Brazil, Uruguay

T. sanguisuga USA?>: occesionally e

T. venosa Colombia®, Ecuador, Costa Rica, Panama
T. williami Brazil®

T = Triatoma, R = Rhodnius, P = Panstrongylus, M = Mepraia, B = Belminus, Mi = Microtriatoma, a-Found in human
habitats (no further data); b-Adult specimens invading human habitats, c-Domestic or peridomestic colonies; d-No specific
data; *indicates that only peridomestic colonies have been specifically reported; $-Probably the main Chagas disease vectors in

the Amazon basin; I-Primarily associated with palm trees; 2-Occasionally reported from palm trees; WTriatoma melanosoma 1s
probably a melanic form of T. infestans
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Table 5 (continued). Sylvatic triatomines occasionally found 1n human habitats in the Americas

Adult specimens invading human habitats

P. humeralis Panamaﬁ, Colombia - o o
P. Iz'gnariusz' b @ Brazil, Guyana, Suriname, Venezuela, Ecuador

P. lutzi Brazij]occesonaly &

P. tupynambai® Brazil, Uruguay

Ps. coreodes™® Argentina, Paraguay, Bolivia, Brazil

R. brethesi’ Amazon’ (Brazil, Venezuela)

R. neivai’:® Venezuela, Colombia

R. robustus’ Amazon basin®** (Colombia, Venezuela, Ecuador, Peru, Brazil, French Guiana)
T. bassolsae Mexico®’

T. bolivari Mexico™

T. breyeri Argentina’

T. carcavalloi Brazil®

T. circummaculata® Argentina, Brazil, Uruguay

T. costalimai Brazil®

T. deanei Brazil®

T. delpontei” Argentina, Paraguay, Uruguay

T. dispar’ Costa Rica, Panama, Colombia, Ecuador
T. flavida Cuba®

T. jurbergi® Brazil

T. nigromaculata Venezuela®

T. matogrossensis Brazil”

T. melanocephala Brazil®

T. obscura Jamaica®

T. rydanam‘" Guatemala, Honduras, Nicaragua

T = Triatoma, R = Rhodnius, P = Panstrongylus, Ps = Psammolestes, a-Found in human habitats (no further data); b-Adult
specimens invading human habitats; /~Wild bugs attack humans working on palm trees; *indicates that only peridomestic bugs
have been specifically reported; {-Probably the main Chagas disease vectors in the Amazon basin; /-Primarily associated with
palm trees; 2-Occasionally reported from palm trees; @Panstrongylus herrer: and lignarius may be synonymous

1.2.2. TRIATOMINAE: METHODS OF STUDY
1.2.2.1. Systematics and evolution

-External_morphological_._ and chromatic_characters. The taxonomy of

triatomines is based on comparative analyses of morphological and chromatic
characters; species concepts other than an exclusively phenetic one have seldom been
explored (Usinger et al. 1966, Barrett 1996). Two major reviews (Lent & Wygodzinsky
1979, Carcavallo et al. 1997a, 1999a) summarise the knowledge on the morphological
taxonomy of triatomines. In spite of extensive and detailled phenetic investigations,

some species and populations still have controversial taxonomic status;, external

anatomical characters do not allow for clear distinction 1n all cases, and several taxa

display a substantial degree of phenetic plasticity that may act either in the direction of
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convergence or divergence, obscuring systematic considerations based on anatomical

features (Lent & Wygodzinsky 1979, Dujardin et al. 1999b). Furthermore, the

designation of ancestral (plesiomorphic) and derived (apomorphic) characters seems

notoriously problematic in reduviids, preventing the use of Hennigian cladistics for the
inference of phylogenetic relationships (Lent & Wygodzinsky 1979). Male genitalia
anatomy has also been the subject of meticulous taxonomic studies; a comprehensive
assessment of results obtained through the last 2-3 decades allowed for the exploration
of phylogenetic relationships among different tribes (Lent & Jurberg 1985, 1987, Lent
& Wygodzinsky 1979, Jurberg 1996, Jurberg et al. 1997, Pires et al. 1998). Other
morphological techniques, such as the study of cuticular structures by scanning electron
microscopy (e.g. Carcavallo et al. 1994, 1997b), the patterns of antennal sensilla (Catala
& Schofield 1994, Catalda 1996, 1997, 1999, Gracco & Catala 2000), or eggshell

structure (Barata 1996, 1998) have also been investigated.
Immature insects are wingless and lack ocelli; they are haematophagous and go

through five developmental (nymphal) stages before moulting to adult (Lent &
Wygodzinsky 1979, Galindez Girén et al. 1998). All information related to

morphological-chromatic characters in this work refers to adult insects; however, many

of the molecular taxonomic tools discussed here are particularly helpful for the

discrimination of nymphs, which are much more difficult to identify on morphological
grounds than adult specimens.

of the head capsule and hemelytra (sometimes also the thorax) of the bugs are taken and

submitted to statistical analysis; various uni- and multivariate approaches are used for
different purposes, but the general premise is that the patterns of variability and of
similanity/difference revealed by metric analysis are a reflection of underlying genetic
relationships. Several metric characters (linear measurements and ratios) are included in
the classical descriptions of species, and recently further morphometric techniques have

been developed to accurately separate species and even close geographic populations.

Various types of multivariate discriminant analysis, particularly canonical vanate
analysis, are the methods of choice. These high-resolution techniques allow for the use
of metric variables in the investigation of the structuring of conspecific bug populations.

Applications include the surveillance of re-infestation of treated dwellings after control
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interventions or the study of phenetic changes linked to the adaptation of bug
populations to certain habitats (human domiciles, laboratories...). Traditional

morphometric analyses may also be used to explore phylogenetic relationships among

closely related entities (Dujardin & Casini 1996, Dujardin et al. 1997a,b, 1998a,b,
1999a-d, Galindez Girén & Torres 1999, Soares et al. 1999, Patterson et al. 2001). More

recently geometric techniques based on Cartesian coordinates and superimposition

methods have been developed, but their application to the study of triatomine bugs is
only incipient (Jaramillo 2000, Matias et al. 2001, Patterson 2002).

i. Cytogenetics. Triatomines have holocentric chromosomes (i.e., lacking a discrete
centromere), usually with a diploid complement of 2n=22 (20 autosomes plus XY in
males and XX in females). Variations in the sex mechanism in Triatoma seem to follow
a geographic pattern, with males of North and Central American species usually
presenting X;X,Y, only found in 7. tibiamaculata among the South American species
so far surveyed (which typically present XY). Special cytogenetic techniques, such as
C-banding and detailed analysis of heterochromatic regions, or the study of the meiotic
behaviour of male chromosomes, have been used to complement morphological
characterisation of Triatominae. Applications of these methods range from identification
of similar species and detection of intraspecific variability to the investigation of

evolutionary relationships at different levels of divergence (Panzera et al. 1992, 1995,
1997, 1998, 1999, Pérez et al. 1992, Panzera 1996).

1. Allozyme electrophoresis. The analysis of the electrophoretic properties of
allozymes [enzymes with identical function but distinct electrophoretic migration

patterns (1.e., 1soenzymes) encoded by different alleles of the same gene] has been

extensively applied to the study of Triatominae. This approach has for decades

represented the first choice to examine the molecular systematics and evolutionary
relationships of many different organisms, including insects (Tibayrenc 1979, Thorpe &
Solé-Cava 1994, Loxdale & Lushai 1998). It allows for the measurement of the degree
of genetic variability within a species or population (as the proportion of heterozygotic
loci), and interpopulation comparisons can be made regarding the relative frequencies at

which polymorphic loci are scored;, genetic distances and rates of gene flow (1e.

migration) between geographic populations can thus be calculated, and the structuring
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of a metapopulation described in terms of demes or panmictic units (Thorpe & Sole-
Cava 1994, Frias & Dujardin 1996, Loxdale & Lushai 1998). The genetic interpretation

of isoenzyme electrophoretic patterns should however incorporate data from crossing
experiments, which is not the case in many published studies; this may lead to

overestimation of genetic distances and variability (Frias & Dujardin 1996).

In taxonomy, the main application of isoenzyme electrophoresis is probably the

distinction of cryptic species (and the confirmation of the specific status of dubtous
populations); provided that enough individuals and loci are surveyed, genetic distances
are usually higher between populations of closely related (but distinct) species than
between conspecific populations, and reproductive isolation of sympatric populations
may be inferred from allele frequencies and absence of putative hybrids (Tibayrenc
1979, Thorpe & Solé-Cava 1994). Cut-off values of genetic identity (Nei 1972) for
species distinction have been proposed as /=0.85 (Nei’s genetic distance D=0.16) based
on comparisons among numerous different taxa, from mammals to plants (Thorpe &
Solé-Cava 1994); in medically important insects (anophelines, sandflies and
triatomines) D values above 0.1 are considered to indicate specific rank (Noireau et al.
1998). It has been noted however that for sympatric populations differences in gene
frequencies are to be regarded as significant even if I values are high (Thorpe & Sole-

Cava 1994). The finding of diagnostic loci allows for the assignation of isolated

individuals to the populations they were drawn from; a locus is considered to be

diagnostic when such a classification can be done with an error probability <0.05 (<0.01
in some cases) (Tibayrenc 1979).

Most triatomine species can be confidently distinguished by external morphological-
chromatic characters; some groups are however more problematic, with a few of them

being essentially isomorphic. The fact that descriptions of species based on a few type
specimens can be vague and do not encompass intraspecific variation adds to the
uncertainty in some cases. Some epidemiologically important taxa present such
complications, and various researchers have turned to molecular systematics in an
attempt to clarify their taxonomy. Examples are found both in the genus Rhodnius

(mainly involving species of the prolixus group) and among Triatoma (sordida-
guasayana-patagonica-garciabesi, brasiliensis-petrochii, or species belonging to the

oliveirai and phyllosoma complexes).
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In the case of R. prolixus (a major disease vector) and the closely related R. robustus
(sylvatic and of comparatively minor medical importance), no fixed interspecific
differences were found in several allozyme studies; the pairs prolixus-robustus and
nasutus-neglectus could however be distinguished (Dujardin et al. 1991, Harry et al.
1992a.b, Harry 1993, Solano et al. 1996, Monteiro et al. 2002). Even when populations
known to represent genetically distinct units (after mitochondrial DNA analysis) were
compared, allozyme analysis revealed no differences between prolixus and robustus,
and a single diagnostic locus was found between nasutus and neglectus, this was
interpreted as a suggestion of recent divergence rather than conspecificity (Monteiro et
al. 2001, 2002). Sylvatic populations of R. prolixus reported from the Magdalena valley
(Tolima, Colombia) in 1995 were compared with domestic conspecifics found in
sympatry using allozymes. Results were surprising in that they showed absence of gene
flow between the two populations; several diagnostic loci and large genetic distances
were scored (Lopez & Moreno 1995). Subsequent studies confirmed the difterences,
suggesting that the sylvatic ‘Tolima forms’ were in fact a different, unnamed species
related to the pallescens-ecuadoriensis group (Chavez et al. 1999, Dujardin et al.

19992). In 1999 the new species was described as R. colombiensis (Moreno et al. 1999).

T. sordida, its former synonym 7. garciabesi, T. guasayana, and 1. patagonica are
very similar morphologically but display distinct synanthropic trends; their overlapping
ranges and high intraspecific anatomical variability make taxonomic determination

complicated (Gorla et al. 1993). Allozyme studies confirmed sordida, guasayana and
patagonica as valid taxa, and led to the revalidation of T. garciabesi and the discovery

of two cryptic species within 7. sordida (Garcia et al. 1995a, Panzera et al. 1997,
Noireau et al. 1998, Monteiro et al. 2001). The specific identity of 7. petrochii was
likewise confirmed using isoenzymes in a comparison with 7. brasiliensis (Monteiro et
al. 1998). Flores et al. (2001) found genetic distances not significantly difterent from
zero between T. longipennis, T. pallidipennis and T. picturata, suggesting that species
within the phyllosoma complex have diverged only recently (Flores et al. 2001), a view
broadly supported by nuclear rDNA ITS-2 sequence data (Marcilla et al. 2001).
Similarly, Noireau and colleagues failed to identify any 1sozymic differences between
the closely related 7. williami and T. guazu (members of the oliveirai complex from the

Mato Grosso ecoregion), and questioned their validity (Noireau et al. 2002a).
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The accurate taxonomic evaluation of field-collected specimens allows for detailed
ecological investigations to be conducted, among the most interesting examples are the
studies on Bolivian triatomines carried out by F Noireau and coworkers. After defining
allozyme markers for the various species and populations (including 1. guasayana, the
two cryptic T. sordida, and a phenetically distinct sylvatic population of T. infestans),
the ecotopes, behaviour, and associated epidemiological risk of those taxa were

investigated in detail (Noireau et al. 1998, 1999a, 2000a,b, Noireau & Dujardin 2001).

Allozymes have also been used to explore intraspecific variation in triatomines
(Dorea et al. 1982, Dujardin et al. 1987, 1998a,c, Dujardin 1990, Harry et al. 1992b,
Garcia et al. 1995b, Soares et al. 1999); results have shown that these markers are
usually too conserved for taxonomic analysis of very closely related entities (Loxdale &
Lushai 1998). When clear differences were scored the usual outcome was that more
than one taxon was involved, either because of misidentification (such as in the case of
R. colombiensis) or cryptic speciation (as with 7. sordida) (Noireau et al. 1998, Moreno
et al. 1999). The characterisation of phenetically diverse populations of 7. brasiliensis
may represent an exception (in that fixed allozyme differences were found between

conspecific populations) or may result in new taxa being described (Costa et al. 1997,

Costa 1999);, Borges et al. (2000a) found no allozyme differences between three
geographic populations of T. brasiliensis brasiliensis.

Relatively low levels of intraspecific variability represent a general feature in
Triatominae. The proportion of variable loci (P=0.33 in Triatoma, 0.14 in Rhodnius and
0.23 in Panstrongylus) and associated gene diversity (H=0.1, 0.03, and 0.07 in the three
main genera, respectively) are well in the lower range of the values usually scored for
many insect groups’ (Schofield et al. 1995, 1999, Frias & Dujardin 1996). Mean
heterozygosity values similar to those commonly found in triatomines have however
been reported for other hemimetabolous insects (Harry 1992). In general it seems that
habitat stability may be correlated with low levels of genetic diversity in many insects
(H=0.06 for 117 species reviewed; Nevo 1978) and also in triatomines (Schofield et al.
1995); high overall values of genetic diversity reported for the Insecta could be the
result of the inclusion of large amounts of data from drosophilid fruitflies (with P=0.13-

“Unlike DNA sequence data, allozyme results are difficult to compare between laboratories; factors
affecting the results include methods for the extraction and preparation of samples, electrophoresis

conditions (buffer systems, electrical conditions, gels), or histochemical staining procedures
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0.71 and H=0.025-0.25) in the reviews (Harry 1992). From the standpoint of vector
control-surveillance strategies, these low levels of genetic diversity in Triatominae have
been regarded as an indication of the high wvulnerability of many synanthropic
populations to chemical control; these bug populations are in addition unlikely to

develop insecticide resistance (Schofield et al. 1995, Guhl & Schofield 1996, Schofield
& Dujardin 1997, Dujardin et al. 1998a, Monteiro et al. 2001).

Allozyme data have also been used to explore the population genetics of several
triatomines. These studies are based on the comparison of allele frequencies between
defined geographic or ecological populations;, estimates of gene flow and migration
rates can be calculated, and the structuring of the populations in demes (i1.e., panmictic
units where gene frequencies accord with expectations from random mating as
described by the Hardy-Weinberg [HW] equilibrium) can be described (Thorpe & Solé-
Cava 1994, Frias & Dujardin 1996). T. infestans populations for instance were
panmictic within Andean villages in Bolivia and Peru, but strongly structured (and
conforming to a model of isolation by distance) when different localities were
compared. Analysis of allelic frequencies also allowed for the definition of the probable
area of ornigin of 7. infestans (Dujardin et al. 1998c). Further studies indicated that
structuring within localities was also present, suggesting that the basic population unit
would be represented by individual households (Breniére et al. 1998). Using a similar
approach, Noireau et al. (1999b) showed that the panmictic unit of Bolivian populations
of T. sordida (allozymic group 1) was larger than reported for infestans, with departures
from HW equilibrium detected only between populations located over ~20km apart; this

suggested a better dispersal capacity than previously thought for 7. sordida (Noireau et
al. 1999).

The evolutionary interpretation of allozymic results relies on the relatively
straightforward relationships between zymograms and genes; each protein is a primary

product of a gene (usually a single locus), which determines the structure of the peptide

molecule with little or no environmental influence. In addition, those genes are (except

for some linked loci) independent, and provide homologous characters easy to identify

(Thorpe & Solé-Cava 1994, Dujardin et al. 1999d). Phylogenetic relationships may be

explored by comparing measures of genetic identity/distance derived from allele

frequencies (e.g., Nei 1972); an important assumption of distance-based approaches is
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mutation rate homogeneity across taxa. Cladistic analyses rely on the ability to identify
plesiomorphic and apomorphic character states in the dataset by comparing the ingroup
with a suitable sister taxon: only shared-derived (synapomorphic) characters are used
for phylogenetic inference purposes (Avise 1994, Thorpe & Solé-Cava 1994). Based on
these premises, the phylogenetic relationships of several triatomine groups have been
explored using allozyme techniques. These comparisons usually involved comparisons
of genetic distances among a few, closely related species (e.g. Garcia et al. 1995a,
Pereira et al. 1996b, Solano et al. 1996, Panzera et al. 1997, Flores et al. 2001), but
more complete investigations have been conducted with members of the tnbe
Rhodniini. Chavez et al. (1999) used genetic distances to construct an UPGMA
dendrogram showing the relationships of nine species of Rhodnius. Three main clusters
were identified: one basal clade [pallescens (ecuadoriensis-colombiensis’)] and two
sister groups ([prolixus (nasutus-neglectus)] and [stali (pictipes-brethesi)]) (Chavez et
al. 1999). Most of these relationships were confirmed by a cladistic analysis (using 1.
infestans as the outgroup), but stali and pictipes were sister taxa in their group ([brethesi
(pictipes-stali)]), which appeared in a basalmost position in the cladogram; the position
of Psammolestes coreodes within the tribe could not be satisfactorily resolved (Dujardin
et al. 1999a). Recently FA Monteiro and collaborators addressed the phylogeny of the
Rhodniini using 12 enzyme loci. Distance analysis produced an UPGMA dendrogram
showing paraphyly of Rhodnius, with Psammolestes tertius as a sister group to the clade
[(prolixus-robustus) (nasutus-neglectus)] within the cluster {domesticus (Ps. tertius
[(nasutus-neglectus) (prolixus-robustus)])}. A second main clade was comprised of
{pictipes (brethesi [pallescens-ecuadoriensis])} (Monteiro et al. 2002).

ii. Molecular biological methods. The analysis of DNA sequence polymorphisms
has provided new insight on the taxonomy, population genetics, and evolutionary and
phylogenetic relationships of many different taxa, including arthropods (Avise 1994,
Simon et al. 1994, Friedrich & Tautz 1995, Collins & Paskewitz 1996, Crampton et al.
1996, Esseghir et al. 1997, Loxdale & Lushai 1998, Page & Holmes 1998, Donnelly et
al. 2002, Gaunt & Miles 2002). Only a few among the many DNA-based techniques
currently available have been hitherto applied to triatomines (Beard & Lyman 1999,

* Rhodnius colombiensis, undescribed at the time, was considered as a ‘sylvatic form of R. prolixus’ from
Colombia until its affinities were discovered; it was then renamed as the “Tolima form of ecuadoriensis’
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Monteiro et al. 2001). These include randomly amplified polymorphic DNA (RAPD)
(Carlier et al. 1996, Dujardin et al. 1998a, Garcia et al. 1998, Noireau et al. 20000,
Borges et al. 2000, Jaramillo et al. 2001), species-specific length variation of rDNA
amplicons (Jaramillo et al. 2001), single strand conformational polymorphism analysis
(Stothard et al. 1998b), sequencing of selected nuclear (Lyman et al. 1999, Bargues et

al. 2000, Marcilla et al. 2000, 2001, 2002) and mitochondrial gene fragments (Garcia &
Powell 1998, Garcia 1999, Stothard et al. 1998b, Monteiro et al. 1999a,b, 2000, Garcia
et al. 2001, Gaunt & Miles 2002), and analysis of polymorphic microsatellite markers
(Harry et al. 1998, Anderson et al. 2002).

‘RAPD. Amplification of polymorphic DNA with random primers has been used to
investigate genetic variability in several arthropod taxa, including medically important
insects (e.g. Ballinger-Crabtree et al. 1992, Kambhampati et al. 1992, Adamson et al.
1993, Favia et al. 1994, Wilkerson et al. 1995). In triatomines, diversity among 1.
infestans and T. sordida populations was assessed in an early study by Carlier et al.
(1996). The banding patterns clearly separated both species, and revealed higher
intraspecific variability than observed with allozymes; within 7. infestans, sylvatic and
domestic populations were also well separated (Carlier et al. 1996). In a taxonomic
study mainly involving closely related species of Rhodnius, Garcia et al. (1998) found
diagnostic profiles allowing for the separation of specimens belonging to the pairs K.
prolixus-robustus and R. neglectus-nasutus. In an intraspecific study on Honduran and
Colombian populations of R. prolixus (between which no allozyme differences were
scored), RAPD patterns were population-diagnostic and showed reduced variability
among Central American specimens, indicating recent dispersal of a genetically limited
subset from a South American population and suggesting that local eradication of the
vector could be contemplated in the former region (Dujardin et al. 1998a). Noireau et al.
(2000b) charactenised different Bolivian populations of 7. infestans using various
methods: while allozymes could not detect any significant vanations, RAPD profiles
separated two main clusters (bugs from the Andean highlands and those from the
Chaco); within each clade, sylvatic and domestic populations could also be
distinguished (Noireau et al. 2000b). Geographic populations belonging to the same
phenetic sub-group of 7. brasiliensis also showed distinct RAPD patterns (Borges et al.
2000a,b). Although dead specimens of all stages can be used for RAPD analysts, and
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resolution is much higher than that of isoenzyme electrophoresis in detecting
intraspecific variability, the use of random primers prompts the possibility of flawed

results due to sample contamination; specific conditions used for the preparation of
samples and PCR may also affect the results, reducing reliability and reproducibility.

Finally, RAPD markers are dominant in heterozygous individuals, precluding the

interpretation of results in genetic (Mendelian) terms (Loxdale & Lushai 1998, Beard &
Lyman 1999).

‘Microsatellites are series of short repetitive motifs [e.g., (GT), or (AT),] within
nuclear DNA; they are highly polymorphic, neutral, and exhibit Mendelian inheritance
and codominance (Jarne & Lagoda 1996). Although their function and mode of
evolution are not totally understood, the mentioned features result in microsatellites
being considered as very promising tools for population genetic analysis when other
markers (particularly allozymes) do not show an adequate degree of polymorphism at
the subspecific level. Two preliminary works have been published reporting the

identification and characterisation of microsatellite loci in triatomines. Harry et al.
(1998) studied sylvatic populations of R. pallescens collected from Attalea palm trees in
northern Colombia; six out of the 10 microsatellites evaluated were present in
frequencies not different from those expected under HW equilibrium, suggesting
panmixia among palm populations in the area; two to 20 alleles were observed per
locus, and expected heterozygosity ranged from 0.32 to 0.94. Amplicons were also

obtained using template DNA from R. ecuadoriensis (6 pnmer pairs) and R. prolixus

(two primer pairs), but not for T’ infestans (Harry et al. 1998). More recently, Anderson
et al. (2002) identified and characterised eight microsatellite loci (6 to 27 alleles per

locus) from populations of 7. dimidiata from Mexico, Guatemala and Honduras;

because of limited sample size no attempt was made to analyse results in terms of
population genetics.

‘Sequencing of selected genomic fragments allows for the direct assessment of DNA
polymorphisms, providing researchers with the ultimate information for phylogenetic
inference and evaluation of kinship among organisms and populations (from conspecific

groups to extremely divergent taxa) (Avise 1994, Page & Holmes 1998). A large
amount of information on the genetic constitution of medically important groups of

insects has been accumulating over the last decade: two recent reviews present brief
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summaries of molecular studies on the vectors of malaria (Donnelly et al. 2002) and

Chagas disease (Monteiro et al. 2001). The use of DNA sequence data for both intra-

and interspecific studies in Triatominae is more thoroughly discussed in Sections 6.3.

and 7.3.; only a brief overview of published works is presented here.
The mitochondrial 16S ribosomal RNA gene was used to investigate the genetic
variability and phylogenetic relationships of various triatomine species in an early study

(Stothard et al. 1998b). A 400 basepair (bp) gene fragment was amplified by PCR and
sequence variation assessed by single strand conformational polymorphism (SSCP) and

direct sequencing. SSCP separated well the three genera, and also revealed intrageneric

differences; a greater SSCP variation was detected within Rhodnius (represented by
laboratory colonies of prolixus, neglectus, nasutus, pictipes, and ecuadoriensis) than in
Triatoma (infestans, protracta, platensis, delpontei, and nitida, Mepraia spinolai was
treated as Triatoma [see Lent et al. 1994]). Not surprisingly, M. spinolai (a different
genus) and 7. protracta (a North American species) were distinguished from infestans,

platensis, and delpontei (three closely related species; see Pereira et al. 1996); the lack

of differentiation between I. nitida (a Central American species with apparent affinities

with T. neotomae; Lent & Wygodzinsky 1979) and the infestans group was on the

contrary unexpected. Within Rhodnius, distinction among prolixus, nasutus and

neglectus was problematic, but the group could be separated from the pair pictipes-

ecuadoriensis. Phylogenetic relationships inferred from a 290bp alignment (8 species:
R. prolixus, R. pictipes, R. ecuadoriensis, T. infestans, T. platensis, T. delpontei, P.

herreri, and P. megistus) revealed two main clades (one comprising the Rhodniini and

the other one the Triatomini). The separation (Kimura 2-parameter distances) between

pictipes-ecuadoriensis and prolixus (0.19-0.29) was larger than that between
Panstrongylus and Triatoma (0.12-0.16). Distances between Rhodnius and Triatoma
ranged from 0.22 to 0.35, and those between Rhodnius and Panstrongylus from 0.25 to
0.43 (Stothard et al. 1998b).

The phylogeny of eleven species of the 7. infestans complex (7. infestans, T.

guasayana, 1. patagonica, T. sordida, T. platensis, T. delpontei, T. brasiliensis, T.

rubrovaria, T. maculata, T. matogrossensis, and T. vitticeps) plus T. circummaculata, T.
protracta, T. dimidiata, and T. mazzottii (not belonging to that complex), has been

explored by analysing the sequences of the 12S and 16S rnibosomal RNA and the
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cytochrome oxidase I (co/) genes; R. prolixus, P. megistus and M. spinolai were used as
outgroups for different analyses (Garcia & Powell 1998, Garcia 1999, Garcia et al.
2001). The phylogenies confirmed the close relatedness of T. infestans and 1. platensis,
and provided evidence suggesting mtDNA introgression between these interfertile
species. T. circummaculata and T. rubrovaria appeared within the infestans complex; T.
vitticeps was found to occupy a basalmost position to the South American 7riatoma

species, with P. megistus clustering (with low bootstrap support values) with North

American species (7. dimidiata, T. mazzottii and T. protracta). T. sordida, unexpectedly

close to 7. matogrossensis, was very different from 7. guasayana (Garcia et al. 2001).

The mitochondrial large subunit rRNA (mtlsu rRNA, 383bp) and cytochrome b
(cyth, 399bp) genes have been used by Lyman et al. (1999) and Monteiro et al.

(1999a,b, 2001). Separation of closely related species, including the almost sibling R.

prolixus—robustus—neglectus or two species of the phyllosoma complex (7. dimidiata

and pallidipennis) was achieved with both markers; phylogenetic trees (derived from
distance matrices using neighbour-joining) were broadly in agreement and supported by

relatively high bootstrap values. Notable exceptions were the uncertain placements of P.

megistus and Dipetalogaster maxima (Lyman et al. 1999). In general, the Rhodnin
were clearly separated from the Triatomini. In both the separate analyses of the mtDNA
datasets (Lyman et al. 1999) and a combined analysis totalling 782bp (Monteiro et al.
2001), the clade comprising Central and North American species of Triafoma
(pallidipennis, dimidiata, sanguisuga, nitida, protracta, and including Dipetalogaster
maxima) was separated from the South American species group (7. infestans, T. sordida
and P. megistus as indicated by the combined dataset), suggesting independent
evolutionary histories; this basic split within the Triatomini was supported by bootstrap
values of ~80% (mtlsu rRNA), ~75% (cytd), and 61-81% (combined dataset) (Lyman et
al. 1999, Monteiro et al. 2001). Furthermore, the fact that both Dipetalogaster and
Panstrongylus were nested within Triatoma was indicative of the paraphyletic nature of

this genus; similarly, Psammolestes coreodes appeared clearly within Rhodnius.

Monteiro et al. (1999b) evaluated the intra-specific vanability of the cytb gene and

studied the relationships between species belonging to the infestans complex (T.

infestans, T. melanosoma, T. brasiliensis, T. sordida, T. garciabesi, and T. platensis). T.

melanosoma could not be separated from 7. infestans, and some phenetically defined
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populations of T. brasiliensis presented a higher degree of divergence than that recorded
for closely related species. MIDNA sequences allowed the differentiation between 7.
infestans geographic populations from Bolivia, Brazil, and Argentina.

In a later survey, Monteiro et al. (2000) used mtDNA sequence diversity to assess
relationships among several species of Rhodniini, including Rhodnius (brethesi, pictipes,

pallescens, colombiensis, domesticus, nasutus, neglectus, neivai, and varous populations
of prolixus and robustus) and Psammolestes (tertius and coreodes). Both distance- and

character state-based methods were used for phylogenetic reconstruction, using 1.
infestans as the outgroup; results confirmed the paraphyly of Rhodnius, with Psammolestes
appearing closer to the ‘prolixus clade’ than this was to the ‘pictipes clade’. Maximum

parsimony analysis of 1429bp (including fragments of the mtisu TRNA, mt cytb, and the
nuclear D2 variable region of the 28S rRNA gene) yielded two main clades: [(brethesi-
pictipes) (ecuadoriensis-pallescens)] (72% bootstrap support) and {Ps. tertius [neivai
(domesticus {nasutus [(neglectus-prolixus) (robustus-prolixus)]D]} (95% support). In
general, the results suggested that the taxonomically problematic R prolixus and R

robustus constitute valid entities, with synanthropic populations of the former presenting
significantly lower genetic diversity than sylvatic specimens classified as R robustus

(Monteiro et al. 2000, 2001). In a cyth (414bp), neighbour-joining tree, the ‘prolixus clade’
{domesticus [nasutus (robustus {neglectus-prolixus})]} (support 67%), the ‘pictipes clade’
{pictipes + brethesi [pallescens (colombiensis-ecuadoriensis)]} (51% bootstrap support), a

‘Psammolestes clade’ (tertius-coreodes) (82%), and R neivai formed a basal, four-branch
polytomy (Monteiro et al. 2000).

These findings established the usefulness of mtDNA analysis for the study of

triatomine molecular systematics and phylogeny (both at supra- and subspecific levels).

The fact that the complete sequence of the mitochondrial genome of 7. dimidiata has
been obtained (Dotson & Beard 2001), together with the extensive knowledge about the
biological properties (structural, functional and evolutionary) of metazoan mtDNA (see
Section 6.3.), will facilitate the use of mtDNA in triatomine studies.

Nuclear genomic targets have also been used in molecular taxonomic and
evolutionary studies on Triatominae. Apart from the combined analysis of mt gene
fragments with the D2 varable region of the 285 rRNA gene mentioned above, the

second internal transcribed spacer (ITS-2) of the nuclear rDNA has recently been tested
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as a molecular marker for populations, species, and phylogenetic relationships in
various Triatominae. These comparisons mainly involved Mesoamerican Zriatoma
species belonging to the phyllosoma complex, some other South American Triatoma,

and several species of Panstrongylus, various populations of 7. infestans and a few

Rhodniini have also been analysed (Marcilla et al. 2000, 2001, 2002).

Phylogenetic analysis of ITS-2 sequence data revealed two major clades within the
Triatomini; one was comprised of Central and North America species (including 7.
dimidiata, three species of the phyllosoma complex [T. phyllosoma, T. mazzottii, 1.
longipennis, T. picturata, and T. pallidipennis), T. barberi, and D. maxima) and a
second one encompassing South American species (7. infestans, T. sordida, T.
brasiliensis, and P. megistus) (Marcilla et al. 2001). This analysis was later extended to
include several other species of Panstrongylus (rufotuberculatus, geniculatus, chinai,
lignarius, and herreri);, the topology of the inferred trees varied slightly, with the main
difference referring to the tendency of all Panstrongylus species to cluster together with
the Mesoamerican Triatomini, rather than with the South American species, even if with
relatively low bootstrap and puzzle values (Marcilla et al. 2002). These studies provided
evidence suggesting that some taxonomic rearrangements might be necessary with
regard to the phyllosoma complex species (e.g., picturata and longipennis had identical
sequences, and the degree of varnability within 7. dimidiata was larger than that
recorded for the rest of phyllosoma species) and some Panstrongylus (notably, lignarius
and herreri from various collection sites presented identical ITS-2 sequences). In
addition, the unexpected clustering of P. rufotuberculatus as a sister taxon to the

dimidiata-phyllosoma clade, with T. barberi-D. maxima occupying the immediate

external branch, was interpreted as a strong indication of the non-monophyly of the
genus Panstrongylus (Marcilla et al. 2002).

Further findings included the confirmation of the paraphyletic nature of the genus
Rhodnius, with Psammolestes tertius clustering with R. prolixus and R. stali appearing

in a basal position to that pair, and the 100% sequence identity between Ecuadorian and

Honduran specimens of 7. dimidiata, strongly suggesting that the former are recent

derivatives of a Mesoamerican population probably introduced by people into western
Ecuador in the recent past (Marcilla et al. 2001). Similar conclusions regarding human

intervention in the passive dispersal of synanthropic bug populations were drawn from
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the analysis of ITS-2 sequence variation among T. infestans geographic populations
(Marcilla et al. 2000). Specimens collected from houses in seven localities of central
Paraguay were found to have identical sequences, differing by only two transitional
mutations and the elongation of one dinucleotide microsatellite from Bolivian bugs
collected in the Andean highlands. Sequence homogeneity of Paraguayan populations

suggested recent colonisation, probably originating from a synanthropic population
dispersed by humans (Marcilla et al. 2000).

3
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The 18S subunit of the nuclear rDNA is much more conserved than ITS-2 or mt

protein-coding genes; in triatomines, the substitution rate seems to approach 1.8%

sequence divergence per 100 million years, up to 55 times slower than ITS-2 (Bargues
et al. 2000). These substitution rate estimates were used to calculate the time to common
ancestry among various triatomine taxa; under the mentioned hypothesis of an 18S
rDNA molecular clock, divergence between the ancestors of the Triatomini and

Rhodniini would approach an estimate of ~48.9-64.4 million years ago (mya)

(Palacocene-Eocene), when Africa and South America were already separated (Bargues
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et al. 2000). All estimates of divergence between Meso- and South American species of

Triatomini (7. infestans vs. phyllosoma complex species or D. maxima) fell between
22.8 and 31.9 mya (18S) and between 19.5 to 34.1 mya (ITS-2), long before the Panama
Isthmus linked North and South America in the middle Pliocene (~3 mya, although

biogeographical evidence shows that some biotic interchange could have occurred from

the late Miocene-early Pliocene, i.e. ~6-7 mya); these results were interpreted as strong

evidence suggesting independent evolutionary origins of both groups, whose common

ancestors would have diverged during the Oligocene-Miocene (Bargues et al. 2000; see
also Cox & Moore 2000).

In a recent work, Gaunt and Miles (2002) used mt co/ sequence and amino acid data
to define a mitochondrial molecular clock hypothesis for vanous insect orders,
including Hemiptera. Their results, strengthened by the observed congruence with the
fossil record, with biogeographical evidence, and with independent estimates of
divergence between lepidopterans, suggest that the evolutionary split of the ancestors of

extant Trnatomim (represented by 7 South American species of Triatoma, two

Panstrongylus, and Eratyrus mucronatus) and Rhodniini (R. prolixus, R. pictipes and R.

neivai) took place ~99.8-93.5 mya, roughly coinciding with the break-up of Gondwana
during the Cretaceous (Gaunt & Miles 2002).

-Qther_approaches

Some alternative biochemical approaches have been applied to the study of
triatomines. Electrophoresis of some salivary anti-haemostatic proteins of the Rhodniini

or gas chromatography of cuticular hydrocarbons are techniques that can be used to
solve some taxonomical problems, and may be also of help in defining phylogenetic
relationships among Triatominae (Juarez 1996, Pereira 1999, Juarez et al. 1999, 2000).
Intercrossing experiments have provided valuable information about the systematics
of several groups of triatomines (e.g. Usinger et al. 1966, Barrett 1996); the fact that the
biological species concept does not prevail in the currently accepted taxonomic
arrangement has however reduced the impact of such contributions. The almost purely
typological approach favoured by H Lent and P Wygodzinsky in their monograph (Lent
& Wygodzinsky 1979) represents still the mainstream view of triatomine systematics,
and was indeed adopted by RU Carcavallo and coworkers in their recent revisions

(Carcavallo et al. 1997a, 1999a, 2000). Thus, subspecies defined on the grounds of
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variants within a species; in most of these cases it was argued that the information
available from cross-mating experiments was inadequate. One exception was the
recognition of T. peninsularis and T. sinaloensis, two sibling species that showed
complete reproductive isolation in experimental (mutual and with 7. protracta) crosses
(Lent & Wygodzinsky 1979, Barrett 1996). New genetic data from allozymes (Flores et
al. 2002), 18S rDNA (Bargues et al. 2000) and rDNA ITS-2 sequences (Marcilla et al.
2001) are providing evidence that several of the species of the phyllosoma complex
should be better regarded as subspecies, as indicated by interfertility patterns (Mazzotti
& Osorio 1942, Usinger 1944, Usinger et al. 1966). The results of extensive
experimental crosses between colonies classified as either R. prolixus or R. robustus
reported in 1996 by TV Barrett showed complex interfertility patterns between putative
‘prolixus’ and material classified as ‘robustus’ on morphological grounds (Barrett
1996). The author noted that the original description of R. robustus by Larrousse was
hardly diagnostic and based on two females from different areas of the Amazon; the
information on any character derived from new material, such as in the case of male
genitalia, relies therefore on a dubious identification (Barrett 1996). These problems
have deep epidemiological implications in areas where the existence of sylvatic
populations of R. prolixus are suspected, and are beginning to be addressed using
molecular techniques; overall, the results seem to suggest that several genetically
distinct populations occur over the Amazon-Orinoco basins, and that a major problem
with the results so far obtained is the accurate identification of the material used in the

comparisons (Monteiro et al. 2001 and unpublished data).

Some specialists believe that reconsideration of the species concept is needed in
tniatomine systematics, particularly because it is becoming increasingly possible to
incorporate phylogenetic information into the description of the biological discontinuity
within the current subfamily (CJ Schofield, pers. comm.). Such evolutionary
considerations were explicitly disregarded by Lent and Wygodzinsky (1979) on the

grounds of the impossibility of working out a cladistic system with the morphological

information available at the time; the only attempt these authors made (a cladogram of

13 species of Panstrongylus based on 21 characters) assumed monophyly of the genus
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and showed patterns of relationships later disproved by rDNA ITS-2 sequence data —

but some others, such as the tight kinship between lignarius and herreri, were

confirmed (Lent & Wygodzinsky 1979, Marcilla et al. 2002).

A more realistic (i.e., ‘natural’) systematic approach than the typological-
nominalistic one currently favoured would most likely help improve our understanding
of the biology and evolutionary trends of these medically important insects. Such a

system would need not rely on purely, mutually exclusive typological, biological, or

phylogenetic species concepts. The first one has provided the basic framework for the
current systematic perception (which has been extremely useful for the definition,

implementation and assessment of vector control interventions), but its limitations are
becoming increasingly apparent — as reflected in the proliferation of new species
descnbed on the grounds of minor anatomical traits while genetically distinct taxa are
overlooked because of their convergent phenotypes. The definition of biological species
in Tnatominae would still require extensive experimental work on interbreeding
patterns; special attention must be drawn to the correct design of such experiments
(including sound biogeographical and ecological considerations) to obtain meaningful
results. Phylogenetic approaches are contributing to the (objective) definition of
divergent triatomine lineages sharing a common pattern of ancestry, but the profound
bearing of interfertility at the microevolutionary scale (best defined as reticulate
genealogical or ‘tokogenetic’ relationships, and the domain of population genetics)
should not be neglected; as Avise and Wollenberg observed, “the supposed sharp
distinction between biological and phylogenetic species concepts is illusory. Historical
descent and reproductive ties are related aspects of phylogeny and jointly illuminate
biotic discontinuity” (Avise & Wollenberg 1997; abstract; see also Ayala & Fitch
1997). Avise and Johns (1999) have proposed the use of estimated divergence times to
develop a standardised classification for all extant organisms. Their proposal does not

include “species-level taxonomic assignments, where biological criteria including

reproductive isolation should be applied” (Avise & Johns 1999, p. 7361).
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1.2.2.2. Ecology

-Biogeography.” The study of the spatial distribution of vector populations is
crucial for the assessment of their relative epitdemiological importance and for the
development of control strategies. In this context, special attention is directed towards
the definition of the natural ranges of species frequently reported as invading

households from sylvatic ecotopes (Dujardin et al. 1991, WHO 1991, Schofield et al.
1995, 1996, Carcavallo et al. 1998a, Salvatella et al. 1998, Coura et al. 1999, 2002,

Schofield & Ponce 1999, Silveira 1999). Biogeography studies the relationships
between organisms and the geographic/climatic areas they occupy. When field data are
incomplete (which is often the case for most triatomine species), this may help predict
the actual distribution range of the vectors and their potential ability to disperse to
suitable but as yet uncolonised areas (Cox & Moore 2000). Whenever clear associations
between particular triatomine species and their habitats can be defined, such as in the
case of several Rhodnius species and palm trees, the biogeography of those habitats may
provide useful information about the range of the associated vector populations.
Biogeographical information may also help understand the evolutionary trends of a
group of orgamisms. Thus, current theories about the evolution of members of the
Rhodniini derived from the study of biogeographic traits of phenotypically defined
species; this allowed for hypotheses to be put forward that could be tested by allozyme

electrophoresis, comparative analysis of sensilla patterns, morphometrics, RAPD, and

partial sequencing of selected genomic targets (Schofield & Dujardin 1999).

_______ populations. As a preliminary consideration, we might observe that

‘'sylvatic’ and ‘domestic’ are anthropocentric concepts that hardly portray the complex
reality of nature. ‘Domestic’ species of triatomines breed in a great variety of sylvatic
ecotopes, and many ‘sylvatic’ triatomines show a patent (albeit geographically limited)
capacity of colonising domestic habitats; other sylvatic species (such as some of the
Amazonian Rhodnius and many Panstrongylus) are proving capable of exploiting food
resources provided by humans, even without actually establishing breeding colonies in

artificial habitats (e.g., Lent & Wygodzinsky 1979, Zeledéon 1981, Barrett 1991,
Schofield 1994, Noireau et al. 1994, 1995, 1997, 2000b, Carcavallo et al. 1998a.b,
Dujardin et al. 1998b, Naiff et al. 1998, Pinho et al. 1998, Salvatella et al. 1998, Valente

YSee also Chapter 3
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et al. 1998, Angulo et al. 1999, Moreno & Carcavallo 1999, Salomé6n et al. 1999,
Silveira 1999, Reyes-Lugo & Rodriguez-Acosta 2000, Vallejo et al. 2000).

Studying sylvatic bug populations is logistically difficult, expensive, and time-
consuming. Several techniques have been used for the detection and study of the natural
ecotopes of different triatomines, including habitat inspection and dissection, tracking of
mammals to their nests and burrows, and various types of baited traps (e.g. Miles 1976,
Tonn et al. 1976, Miles et al. 1981b, 1983, Carcavallo 1985, Pizarro & Romaifia 1998,
Noireau et al. 1999¢, 2000a, 2002, Abad-Franch et al. 2000). These basic methods,
combined with a large number of circumstantial observations on the occurrence of
various species in different environments and on host associations (including bloodmeal
analysis; e.g. Zeledon et al. 1973, Carcavallo et al. 1998b, Costa et al. 1998, Canals et
al. 2001), and with the results of light trapping and casual captures of adventitious bugs
(e.g. Naiff et al. 1998, Zeledon et al. 2001a), have provided with abundant, yet
fragmentary information about the general ecological features of different species of
Triatominae. Several reviews have been published that summarise such information
(Lent & Wygodzinsky 1979, Barrett 1991, Carcavallo et al. 1998a,b).

The Amazon basin provides an interesting example of the potential importance of
sylvatic triatomines in Chagas disease transmission; it is furthermore pertinent to the
present work in that several palm tree-living Rhodnius species are involved. The region
has classically been considered as a non-endemic area, despite well-known enzootic
cycles of 7. cruzi involving mainly Rhodnius species (but also Panstrongylus, Eratyrus,
Cavernicola, and others) (Miles et al. 1981b, 1983, Barrett 1991, Coura et al. 1999,
2002, Valente et al. 1999, Teixeira et al. 2001). Recent surveys have shown increasing
rates of human 7. cruzi infection in the region, giving rise to the thought that Chagas

disease may become endemic in some areas of Amazonia (Chico et al. 1997, Coura
1990, Coura et al. 1994, 1999, 2002, Valente et al. 1999, Teixeira et al. 2001). Human-
related ecological alterations (colonisation and new economic activities, deforestation,
changes in traditional lifestyles etc.) are regarded as responsible for this new
epidemiological pattern (see Coura 1990, Coura et al. 1994, 1999, 2002, Valente et al.
1999; for a general overview of the effects of deforestation on vector-borne diseases,
see Walsh et al. 1993 and Molyneux 1997). These ecological changes visibly involve

uncontrolled deforestation, frequently by means of slash-and-burn (see Cochrane et al.
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1999, Laurance et al. 2002, Nepstad et al. 2002); it has been proposed that forest
clearance could result in a reduced availability of blood and natural shelters for sylvatic
tnnatomines. Simultaneously, permanent human settlements offer stable and abundant
food sources to the bugs. A pattern of selective deforestation is often observed in which
some palm trees are kept in strongly altered environments (Whitlaw & Chaniotis 1978,

Miles et al. 1983, Barrett 1991). These palms may become the only suitable shelters for

opportunistic rodents and marsupials, and also for triatomine bugs pre-adapted to palm
trees (e.g., R. pictipes, R. robustus). Bug colonies can grow using opossum and rodents
as hosts in palms located near human dwellings, when the system nears its carrying
capacity, starved adult bugs will start dispersive flights more frequently, and some will
end up in houses (a process perhaps favoured by the removal of physical obstacles
caused by deforestation, and by the use of artificial light) and attempt to feed on the
inhabitants. These sylvatic bugs ultimately become the most important vectors of
Chagas disease in such areas (including the view that contamination of fruit presses by
adventitious bugs flying from palms is a peculiar form of vector-borne transmission)
(Miles et al. 1983, Barrett 1991, Sherlock 1999, Dias et al. 2001, Coura et al. 2002).
There have been isolated reports of true domestic colonies of Amazonian triatomines. P.
geniculatus, known to fly frequently into houses but thought to be unable to colonise
human habitats, has successfully adapted to peridomestic pigsties in the Brazilian
Amazon ~ feeding both on humans and pigs (Valente et al. 1998, 1999, Valente 1999).
The absence of domestic bug colonies, together with operational difficulties (small
communities and farms scattered in vast jungle areas) and relatively low morbidity and
mortality rates, means that traditional control approaches (household treatment with
residual insecticides) are unlikely to be cost-effective in the Amazon. The development
of alternative strategies critically depends on a better understanding of the ecology of
disease transmission by non-domiciliated vectors. This in turn requires detailed studies
of vector ecology at the population level, including the relationships between defined
triatomine taxa and the risk of disease transmission in different ecological settings (Dias
et al. 2001). Alternative control procedures (early case detection, selective focal
spraying, physical barriers, intervention of sylvatic ecotopes near human settlements,

integrated habitat management, etc.) will be required, but the definition of specific

strategies still requires extensive operational research.
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domestic/peridomestic populations of triatomine bugs. The study of their biological,
ecological and behavioural characteristics has contributed substantially to Chagas
disease control throughout the Southern Cone countries (see WHO 1991, 1996, 1997,
1998, 2000, Dias & Schofield 1999, Moncayo 1999, Silveira 1999, Silveira & Vinhaes
1999, WHO/CTD 2002). The identification of ecological factors favouring colonisation
of human habitats by triatomines has been addressed by many studies (e.g. Minter 1978,
Mott et al. 1978, Lent & Wygodzinsky 1979, Zeledon & Vargas 1984, Bricefio-Ledn
1990, Starr et al. 1992, WHO 1991, Giirtler et al. 1992, Andrade et al. 1995a, Salvatella et
al. 1998, Moreno & Carcavallo 1999, Oliveira-Lima et al. 2000, Cohen & Giirtler 2001,
Espinoza-Gomez et al. 2002), but the full comprehension of the driving mechanisms of
that process is still far from being achieved. Some species are commonly found in
human-related environments (while others are rare), but virtually all triatomines (with
the possible exception of those strongly associated with particular hosts/microhabitats,
like Cavernicola pilosa, T. delpontei, or Psammolestes spp.) have the potential of
invading artificial ecotopes (e.g., Dujardin et al. 1991, Noireau et al. 1994, 1995
Carcavallo et al. 1998a, Salvatella et al. 1998, Valente et al. 1998, 1999, Borges et al.
1999, Costa 1999, Silveira 1999, Soares et al. 1999, Valente 1999, Ramsey et al. 2000,
Abad-Franch et al. 2001b, Wolff & Castillo 2002; see also tables 4 and 5). Synanthropic

triatomine behaviour has been interpreted as a response of bug populations to ecological

changes linked to human economic activities (see Carcavallo et al. 1998a, Salvatella et
al. 1998, Curto de Casas et al. 1999, Moreno & Carcavallo 1999, Schofield et al. 1999).
Once permanent breeding colonies are established in human environments (Barrett

1991, Schofield et al. 1999), the bugs may eventually spread to neighbouring homes and
be passively carried by humans to different geographical areas (Schofield 1994,

Dujardin et al. 1998a,c, Carcavallo et al. 1999¢).
Schofield et al. (1999) have proposed the view that domestication “can be envisaged

as an extension of the evolutionary route from predator to nest-dwelling bloodsucker”
(p. 376). As observed by Barrett (1991), there is however “little evidence that colonies
In houses are genetically different from wild populations of the same species” (Barrett
1991; p. 144). Most of the differences so far recorded may indeed be attributed to

demographic processes that cannot be regarded as truly adaptive or evolutionary; thus,
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the apparently reduced genetic variability of synanthropic bug colonies might reflect
that only a limited subset of the original (sylvatic) gene pool is represented in domestic
populations (Schofield et al. 1999), and changes in body size and sexual dimorphism
may be readily associated to increases in survivorship and population density due to
improved food availability, decreased predation, and enhanced microclimate stability in
synanthropic environments (Dujardin et al. 1999c¢). Other changes, such as the
correlation between the density of antennal sensilla and the number of habitats in which
various species occur in nature, do not necessarily reflect synanthropism; they may
conceivably be related to a long-term (evolutionary) process of adaptation to highly
stable, nest-like habitats (Schofield et al. 1999), but these need not be man-made. The
same authors acknowledged that, at least in some cases, ‘synanthropism’ probably is no

more than a largely stochastic process — and also that a review of the information at

hand “raises more questions than answers” (Schofield et al. 1999; p. 377).
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1.3. Chagas disease in Ecuador

The public health dimension of Chagas disease seems to have been underestimated to
a great extent in Ecuador. In this Section several sources of epidemiological
information, including unpublished records and data from ongoing studies, are

reviewed. Original epidemiological estimates relevant to the design of control schemes

are derived from the critical revision and joint analysis of those data.
1.3.1. HISTORICAL OVERVIEW

Some pre-Columbian ceramics from the province of Manabi suggest that Romaiia’s

sign was already known in those areas before the arnival of the Europeans (Ledn 1949).
During the Spanish conquest, some Pizarro soldiers suffered from a disease they
described as ‘eye sickness’ acquired at the Portoviejo valley (Manabi) around 1530.
According to Alvarez (1984), the descriptions resemble the characteristic lesions of
Romafia’s sign, and the author suggests that they might be attributed to Chagas disease.
Stal and Whymper reported the presence of the principal vector, Triatoma dimidiata,
Ecuador in the XIX century; the species was first described by Latreille in 1811, based
on specimens collected by Humboldt and Bonpland in Ecuador (Lent & Wygodzinsky
1979, Aguilar et al. 1999). In 1917, Tamayo established the association between the
insect bite and a clinical picture including local inflammation, oedema and fever, but it
was not until 1930 that Arteaga confirmed the existence of American Trypanosomiasis
in the zone of the Coastal Railroad (Guayaquil-Salinas). The following investigations
certified that Chagas disease was endemic in urban Guayaquil, with T. dimidiata
colonies breeding within the cane-and-wood houses. The Santa Ana and El Carmen
tulls, two deprived areas of the city, were the most strongly affected, and they seem to
remain so nowadays (Arteaga 1930, Aguilar et al. 1999).

During the 40s and 50s new disease foci were reported from the provinces of
Guayas, Manabi, Los Rios, and in temperate areas of the Andean provinces of Loja,
Azuay and Bolivar. It i1s today accepted that the main endemic areas are located in the
provinces of Guayas, Manabi and El Oro, but new foci reported from the Amazon
region and currently under investigation strongly suggest that the northern Ecuadorian
Amazon 1s to be considered an endemic area as well. The lack of systematic studies in

other provinces makes it complicated to assert that the disease is not endemic in areas

(e.g., 1n the provinces of Los Rios, Esmeraldas, Pastaza, Loja, Imbabura, Pichincha,
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Azuay, etc.) where ecological and socio-economic traits are broadly comparable to
those of well-known chagasic zones (Aguilar et al. 1999).
1.3.2. EPIDEMIOLOGY

WHO estimates indicate that some 30000 people (i.e., 0.25% of the population) are
infected by 7. cruzi in Ecuador (WHO 1991, Schofield 1994, Schofield & Dias 1996).
This prevalence rate is noticeably smaller than accepted estimates for neighbouring
countries with broadly comparable ecological and socio-economic charactenstics:

0.25% in Ecuador, versus about 3.5% in Colombia and 3% in Peru (Schofield & Dias
1996, Guhl 1997, Guhl & Vallejo 1999).

Apparently, this estimate was calculated based primarily on prevalence rates reported
for donations to blood banks in Quito, located in a non-endemic, triatomine-free area at
~2800m above sea level. Although rural immigrants from endemic zones surely arrive
in Quito, migration involving potentially infected people has been mainly directed to the
coastal city of Guayaquil, the largest urban, industrial, and commercial centre of the
country, where prevalence rates are higher (see Aguilar & Yépez 1996, Aguilar et al.
1999, and below). This might be the origin of a relevant underestimation, and is
probably one of the reasons why Chagas disease control has not been treated as a
priorty in the Ecuadorian public health agenda. In an attempt to investigate and clarify
the situation, we reviewed the results of serological surveys carried out in the country,
from the early investigations in the 1950s to those currently ongoing (table 6). These
include studies in known endemic areas, various blood banks, and exploratory surveys
In some zones considered as non-endemic. Although different techniques were used to
detect anti-T. cruzi antibodies and diverse methods applied for the design of the studies,
the general picture that emerged contrasts with the official figures, placing Ecuador in a
situation comparable to that of other countries of the region. The fact however that a
significant part of the Ecuadorian population live in Andean highlands where no
domestic triatomines occur (with perhaps a few exceptions such as 7. carrioni in some
areas), and the absence of extremely efficient, synanthropic vector species (say, T.
infestans, present in southern Peru, or R. prolixus, the main vector in northern

Colombia), probably contribute to a lower general (country-wide) prevalence rate.
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Table 6. Studies on seroprevalence of Chagas disease in Ecuador (modified from Aguilar et al. 1999)

Author, vear, technique
Montalvan 1952
Complement Fixation (CF)

INH (1949-1957)

(reported by Rodriguez 1959)
CF

Espinoza 1955
CF

Rodriguez 1959
CF

TNH (1962-1967)
(reported by Gémez 1968)
CF

Andrade A et al. (unpubl.)
CF

Mimon et al. 1985
Indirect Haemagglutination (TH/
SNEM-TDR 1986

(reported by Reyes 1992; further data:

Ministry of Public Health, unpubl.)
Indirect Immunofluorescence (IF1)

Racines et al. 1994
IF1+ ELISA

Gudenan et al. 1994 (unpubl.)
ELISA/Recombinant antigen

Grnjalva et al. 1995
ELISA + Western Blot

Chico et al. 1997
ELISA/Recombinant antigen

Gnyjalva et al. 1997
ELISA

Romero et al. 1998
MicroELISA

Guevara et al. 1999

ELISA

Cordova et al. 1999

THA + microELISA (3 antigens
Racines & Gryjalva 1999

INH/TDR/Ohio Universtity (unpubl.)

MicroELISA

Province

El Oro

El Oro

Guayas
Guayas
Manabi
Manabi
Coastal region
(all provinces)

El Oro

Guayas
(uayas

Loja

Los Rios
Guayas

El Oro
Manabi
Manabi

Loja
Esmeraldas
Los Rios
Coastal region
(all provinces)

Manabi

Guayas
El Oro
El Oro
El Oro
El Oro
El Oro
El Oro

El Oro

El Oro
El Oro

El Oro
Pichincha

Napo/Orellana®

Pichincha
Various

Sucumbios

Napo/Orellana*

Napo/Orellana
Napo/Orellana
Napo/Orellana
Napo/Orellana
Napo/Orellana
Napo/Orellana
Napo/Orellana
Pastaza
Cotopaxi
Cotopaxi

Locali Positives

Zaruma 29%

Machala 13.3%

Gral. Vemaza 31%

Salitre 11.8%

Portoviejo 3.8%

Chone 5 8%

Vartous 13.9%

Various 8.25%

Varous 3.5%

Guayaquil (urban) 1.87%

Vanous 2 02%

Vartous 1.47%

Various 8.8% (4 04% SC)

Various 22.7% (7.62% SC)

Portoviejo 4%

Bahia de Caraquez 3%

Varous 2% (SC)

Various 4%

Vanous 1 470 (SC

Various 2.96%

Various 0.83%

Picoaza 17%

Pedro Carbo 4.3% (2.2% SC)

Zaruma 15.5% (3.9% SC

Portovelo 17.1%

Pifias 14.6%

Zaruma 10.1%

El Guavo 2.3%

Pasaje 1.3%

AV AC ll urban 2 6%

Portovelo, Paflas and 4106 1.4%

Zaruma 6to 8 1.13%
8to 10 1.52%
10to12 22%
12t0 14 1.88%
141015 0.92%

Marcabeli 7 2%

Pena 6%

Balsas 11.4%

Quito 9.25%

Various 6.03%

Quito 0.03%

Various 0.23%

Guayaquil 5.9%

Guayaqul 1.1%

Machala 6.9%

Piftas 11.1%

Pajan (203 samples) 0.98%

Portoviejo (628 s.) 1.91%

Balzar (178 s.) 0 56%

Guayaquil (2604 s.) 1.8%

Pedro Carbo (94 s.) 1.06%

Lago Agrio (493 s) 2.23%

Putumayo®** (1232s.) 1.3%

Shushufindi (263 s.) 0%

Aguarico (1796 s ) 039%

Coca (105 s.) 0%

El Chaco (311 s.) 0.32%

J. Sachas (167 s ) 06%

Loreto (186 8.) 1.61%

Crellana (495 s.) 1.61%

Quyjos (40s) 0%

Tena (1050 s.) 0.2%

Vanous (227s.) 0.44%

La Man4 (501 s.) 0.4%

Banpua (404 s. 0.2%

Observations
696 samples examined

3333 samples examined
>80% @ bom in Coastal region
>10% & born in Loja

Schoolchiidren mn rural areas and
in urban Guayaquil

Guayas 320 samples; El Oro* 66
samples

2160 samples (suspect patients)
3600 sera (random sampling)

521 samples

233 samples (446 SC)

433 samples (305 SC

Guayaquul (urban)' 2078 samples
El Guavo: 43 samples

Pasaje’ 41 samples

Results by age groups
1514 samples examined

1.85% @ for IgG
0.07% @ for IgM

No further data avalable

Quito Red Cross blood bank (335
samp IBS, 1992.93

18 Quechua commumties (1011
sarmples
Blood banks (62121 samples
total, 1994-96), mainly Andean
mon (also Manabi, Esmeraldas
Regional Hospital blood bank
(2961 samples, 1996-97), @ from
Guavas, Manabi and E] Oro
Blood banks (1423 {Guayaquil]
and 203 [Machala] samples
262 samples; all positives
confirmed with 4 tests
Preliminary results; some of

them need to be confirmed (see
text also)

Amazon Region***
6365 samples; 0.8% ©
Coastal Region
3718 samples; 1.7%% S
Andean Region (Sierra)
9035 samples; 0.33% D

Total

10988 samples
1.06% @

*Napo/Orellana were separated in two provinces in 1998; **indigenous communities along the San Miguel-Putumayo niver, ***confirmatory
tests and wader sampling increased overall prevalence rate to 2.9% in the Amazon region (MJ Grijalva et al. unpublished), INH=National
Institute of Hygiene, SNEM=National Vector Control Service; @=seropositives, SC=school children, data in bold type cormrespond to areas

studied in this project
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An examination of recent surveys (field- and blood bank-based, most of them
unpublished) helped us estimate the current epidemiological status of Chagas disease In

the country. In an ongoing nation-wide study (National Institute of Hygiene, Ecuador,
and Ohio University, USA), 10988 blood samples were analysed in 1999, including
localities from the coastal, Andean, and Amazon regions. An overall figure of 1.06% of
these samples was found to be positive by means of microELISA (Aguilar et al. 1999).
Confirmatory tests subsequently carried out in ~7000 samples from the Amazon Region
revealed an overall prevalence of 2.9% (MJ Grijalva, pers. comm.), with the majority of

seropositives being native to the region and an epidemiological profile suggesting

established endemicity and active transmission (figure 5).
14

12

‘I-‘I""‘I‘II“ I‘I"‘ 'i. l‘“l"‘l"' |"I‘
S e
1.-.-.-..\‘.-!::-:%-.-:*-:-:-..-.-:
SRR
s ettt taletule
%-.ﬂ.:.*ﬂ. e
B R R
:‘.':E;:'::ﬁ:i::‘-_i-:'.-.-:-.-.-:-‘-:-
A

10

LN L] 'i. .

L ] i.l- o "n

SRREERASIRI
L 'Il- Ll - I'll l'

D ——— 1'::'_:'::';'-::::::::3::':::::"‘:'-5:5:

o e L

T N R A o

L

o, s *.ﬁ: e

SRR S

- - - - - L

N T N N L B e i e e e

s R

6 . " %::-.-.vﬂ.-.-ﬂ.-.::

eyttt e e % .
R ety
'\:::}_-{w.-.-:-:-: N

(0 0]

"
i

et

e
e
.-

e R (s
|
‘;.:::..:-.t-. \nﬂ.'%\_}-_st&

e

R &

:

Prevalence (%)

2
2
a

2

e

SN

)
) . "u}. e g
L] I -'
SRR SRR

“
e
e

‘_

R N s e .

SRR RITIRIER

| i: ¥ " ﬂ: . " l'_'..-_ ..: .-_: . I.‘-:'. ".

4 e ‘:::;._._._I-rh._”-._'.;:::-_..,_._*_'g.._‘-
s :I-"h"i::"I Ht‘l'i't'i'v‘i'i e

R E‘-:t‘-:‘-:"%‘&"tt-‘-."-:‘&&“
el e e e e e e e ) T T N
s s e e Yy a e et N T N T N N 0, Y 0, 0,

- . S e e e e e e aew e D . "'."" " ."m I'H%w - . . . —
. L ) . .
- RRRCIRRRn B SRR SRR :
. ot i . " ' ! - -
2 - = s o Tets " B RN Rk ol ) s 4 'l.k::‘ L ‘:::E‘:::::"::::}.

et et !. .

e KRR S R IR R B
R B B ey
R SRR SRR SRR S, SR
R s S IO | y B S t'k:.:-""":'.-:::" B
SNSRI B AR SRR
R S R R (R
ﬁ. | ‘- -' L] . ]
S CERTSNRIRNANSES

)
s

RS
aerarn

e -
e

=

Ll
N X OO N
- s R
: RO

piens

010 1020 2030 3040 4050 @ 5080 @ 8070 = 70.80 = over 80
(2600) (1700) (1000)  (700) (400) (2795) (140) (70) (20)

Age groups
(approx. n)

Figure 5.‘ Pre:val_ence of anti-Trypanosoma cruzi antibodies in the Ecuadorian Amazon region. The
dashed line indicates overall mean prevalence (~3%). Data from M) Grijalva (Ohio University,
USA) and LE Escalante (National Institute of Hygiene, Ecuador) (with permission)

Guevara et al. (1999) reported prevalence rates of 1.1% in the Red Cross blood bank
of Guayaquil and 6.9% in the Machala blood bank. In 2000, results from over 70000

blood samples (>90% of donations) analysed at the blood bank of Quito yielded an

overall 0.1% seropositivity (HM Aguilar, pers. comm.). Taking into account only the
available studies on blood banks from the main cities of Ecuador after 1995, the global
prevalence rates are 0.1% in Quito (non-endemic area with low immigration from
endemic zones) and 4.4% in Guayaquil (both endemic and recipient of immigration
from rural endemic areas, and the largest urban centre of the country); results from

smaller banks, including Machala, yield a global figure of 0.35% positives. Results of
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field surveys conducted from 1990 to the present show a general prevalence rate of

around 2.8% (>14200 samples and ~400 positives).

We consequently estimated that at least about 1% of the total Ecuadorian population
(~125000-135000 people) may be infected by 7. cruzi; no less than 2.2 to 3.5 million
people (perhaps up to 5-6 million) live under risk conditions in areas where vector-
borne transmission has been documented or is highly likely. This indicates that some

300 Ecuadornians probably die each year of Chagas disease; although official mortality
records (available from 1979 to 1996, except for 1991-1992) do not reflect such a
figure, 20% to 25% of deaths in rural Ecuador were classified as ‘deaths with poorly

defined diagnosis’ (Ministry of Public Health, mortality records 1979-1996). According
to our estimates, about 3000 people may be expected to become infected annually in
Ecuador 1f serious control measures are not implemented (incidence corrected from
Schofield 1994). Most concerning, the rapid deterioration of the socio-political and
economic situation in the country could result in more people living in worse dwellings,
and 1s also limiting the activities of the National Vector Control Service (SNEM). In

1998 for instance, the national public health expenditure represented less than 2% of the
Gross Domestic Product (SIISE 2002).

From 1978, 1t 1s mandatory in Ecuador to notify Chagas disease cases to the Ministry

of Public Health. Although these statistics unquestionably miss the majority of cases,
some trends may be deduced from the records at the National Direction of
Epidemiology. Chagas disease cases were reported from 16 provinces from 1990 to
2000; over 8.5 million people inhabit those provinces. Only four Andean provinces

(Carchi, Cotopaxi, Tungurahua, and Chimborazo) did not report cases (table 7).

Table 7. Provinces of Ecuador with records of Chagas discase cases between 1990 and 2000
-
Coastal Region Sierra (Andean Region) Amazon Region

Esmeraldas Imbabura Sucumbios

Manabi Bolivar Napo

Guayas Cafiar Orcllana

Los Rios Azuay Pastaza

El Oro Loja Morona-Santiago
Pichincha Zamora-Chinchipe

Reported incidence from 1978 to 1999 shows a slight positive slope. Two high

peaks recorded in 1984 and 1994 (figure 6) seem related to clinical-epidemiological
surveys carried out by SNEM-TDR and Mimori and coworkers in the early 80s, and by

various groups in the early 90s (see table 6 above).
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It 1s compulsory to test all blood donations for anti-7. cruzi antibodies in Ecuador,
but the application of the directive still requires diagnostic kits, equipment and reagents,
training of personnel, quality control schemes, and also a suitable information policy

addressed to customers and those in charge of blood bank management (see for instance
Gmjalva et al. 1997, Abad-Franch & Agullar 2002).
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1.3.3. VECTORS

Vector-borne transmission is responsible for about 80% of new Chagas disease
cases: in the absence of suitable treatments or vaccines, preventive action crucially
depends on the control of synanthropic triatomine populations. In Ecuador, where a
comprehensive control programme is as yet to be implemented (see below), the need for
updated entomological information was identified as a critical issue. Particularly, no
relevant information was available about R. ecuadoriensis, considered the second main
disease vector in the country, and suitable control strategies were accordingly lacking.

The extraordinary biodiversity of Ecuador is also reflected in the subfamily
Triatominae. We found reports indicating the presence of 18 species (over 13% of all
those known in the world) in the relatively small Ecuadorian territory. These included
old and doubtful reports of 7. infestans and R. prolixus, and it also became later
apparent that several records were probably due to misidentification of preserved
specimens and/or labelling errors. There is general agreement in that 7. dimidiata 1s the
principal domestic vector in the country, but the situation with other species remains
unclear. R. ecuadoriensis, T. carrioni, P. rufotuberculatus, and P. chinai have all been
incriminated 1n disease transmission in the coastal/Andean foci, and R. pictipes, R.
robustus and P. geniculatus are thought to be of importance in the Amazon region. The
following table includes all triatomine species recorded in Ecuador (Aguilar et al. 1999,

Abad-Franch et al. 2001a,b); a more detailed account of our findings and main
conclusions 1s presented in Chapter 3.

Table 8. Triatomine species reported from Ecuador

Tribe Genus Species

Cavernicolimi  Cavernicola  Cavernicola pilosa

-------------------------------------------------------------------------------------
¥

Rhodniimi Rhodnius Rhodnius ecuadoriensis
Rhodnius pictipes
Rhodnius robustus
e eeesegeeeseeesesemeeeeseeseseeseeeesnene o, JIOANTYUS prolixus®
Triatomini Triatoma Triatoma dimidiata

Triatoma carrioni

Triatoma venosa

Triatoma dispar

Triatoma infestans*
Panstrongylus Panstrongylus chinai

Panstrongylus rufotuberculatus

Panstrongylus geniculatus

Panstrongylus herreri

Panstrongylus howardi

Panstrongylus lignarius®*

Eratyrus Eratyrus mucronatus

Eratyrus cuspidatus
* Dubtous records
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Vector control efforts. In the 1950s and 1960s, the National Institute of Hygiene and
Tropical Medicine (INH) was officially in charge of Chagas disease vector control In
Ecuador. A pilot campaign was carried out in 1963 in the cities of Guayaquil (province

of Guayas) and Portoviejo (province of Manabi); although control interventions

extended to other endemic areas, they were soon discontinued and coverage was
incomplete.
In 1973, the malaria control service (‘Servicio Nacional para la Erradicacion de la

Malaria y Control de Vectores’, SNEM) was appointed by the Ministry of Public Health

to carry out Chagas disease control activities. In 1978 a vertical spraying campaign

(using the organophosphate malathion) was undertaken by the SNEM in Guayaquil and
various localities of the Portoviejo river valley in Manabi. This was the last large-scale
intervention specifically designed with the aim of reducing Chagas disease transmission

in Ecuador; during the last 25 years, chemical control of domestic triatomine

populations has depended upon the effects of mosquito control activities carried out by
the SNEM (using mainly malathion, and also synthetic pyrethroids in some areas)
(Aguilar et al. 1999, 2001, Abad-Franch & Aguilar 2002). Occasionally, the workers of
the SNEM locally spray tratomine-infested houses and peridomiciles in response to
requirements made by the community (often coinciding with epidemiological surveys
related to research projects), but these interventions are not carried out within the
framework of a national control programme; they as a result generally lack specific

resources and continuity, and are almost never documented, hampering any attempts of
evaluation.

From 1999 however, the Ministry of Public Health undertook a wide re-assessment

of the epidemiological and control status of all vector-borne and tropical diseases in the
country. As a result, Chagas disease control was officially put back in the list of priority
public health issues, and a group of experts was commissioned to elaborate the technical
gutdelines for a national control programme. Various research groups were at the same
time working on different clinical-parasitological, sero-epidemiological, and vectorial

aspects of Chagas disease in Ecuador . Two manuals were published by the Ministry of

"AG Guevara and coworkers (Vozandes Hospital, Quito), MJ Grjalva, J Racines (deceased), L. Escalante, and
colleagues (National Institute of Hygiene, Catholic University of Quito, and Ohio University, USA);, and HM Aguilar

and coworkers (Instituto ‘Juan César Garcia’, Quito, and Ministry of Public Health), this project was developed in

close collaboration with Dr HM Aguilar, and the rest of colleagues cited here generously provided help, assistance,
and expert advice in numerous occasions
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Public Health in 2001 with the conclusions and recommendations of the working groups

on Chagas disease control (Abad-Franch et al. 2001a, Aguilar et al. 2001). However,

financial constraints and political instability (e.g., four different Ministers of Public
Health have headed the Ministry since 1998) have obstructed the implementation of

such recommendations.

1.3.4. CLINICAL ASPECTS

Historical data show that, from the early 20s, it was not uncommon that clinical
pictures compatible with Romafia’s sign were diagnosed at hospitals in Guayaquil.
Varas (1942) indicated that this form of periorbital oedema was extremely frequent in
the city. Subsequent studies continued to show this trait (cf. Espinoza 1955, Rodriguez
1961 1963, Goémez 1968, Rassi 1979, Alvarez 1984). S Galindo registered 560 acute
cases from the records of the National Institute of Hygiene and Tropical Medicine; the
majority of these patients were from the provinces of Guayas, Manabi, El Oro, and Los
Rios, all in the coastal region (cf. Aguilar et al. 1999). Acute cases have also been
recorded from the northern Amazon region; these usually corresponded to children
presenting fever, generalised oedema, hepatosplenomegaly and signs of myocarditis
(Amunarnz 1991, Amunarnz et al. 1991, Aguilar et al. 1999).

Chagasic cardiopathy has been identified as the predominant chronic form. Galindo
(1958, 1959) found chagasic aetiology in 20% of 150 patients with heart disease in
Guayaquil, 20.7% of chagasic patients were under 40 years old and presented severe
cardiopathy, and over 50% of them died in the following 15 months. Gomez (1968)
found electrocardiographic signs compatible with chagasic cardiopathy in 1.4% of
randomly selected, apparently healthy people. Kawabata et al. (1987) reported that 40%
of 154 seropositives from El Oro presented electrocardiographic abnormalities (vs. 8%
of seronegatives), but the age profile of the patients (with ECG alterations in 64% of
those over 60 years old) suggested relatively low ra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>